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cells in type specific Rh+ serum (pooled), making a 2-3% suspension. Use one 
drop (from a 1 ml. pipette) into each tube of series, -both tests and controls. 

Blood for testing is obtained by venipuncture and placed in a sterile tube. No 
anticoagulant is used. Blood is allowed to clot. The clear serum is used for the 
test. Tire cells are checked for type and Rh factor. 

Technic. A series of ten Kahn size tubes is set up for each serum to be tested 
and another series of the tubes is set up for each control (a control is set up for 
each type of blood to be tested; i.e., if there are types A and 0 in the sera to be 
tested, a control is set up for eacli. Like series of tubes are set up to check for 
iso-agglutinins in eacli serum to be tested. (In case of donors, the single tube 
test for iso-agglutinins is satisfactory when there is no history of transfusion or 
pregnancy.) 
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(Mix and transfer 0.1 cc. to Tube 2. Mix and transfer 0.1 cc. of tube 2 to tube 3, 
etc., throughout the series, this making the dilutions 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 
1:256,1:512,1:1024, 1:2048.) 

Cell suspension as described above. Add 1 drop from 1 ml. pipette to each tube. 
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Anti-Rh Serum 0.05 cc. (Mix and transfer as above, to successive tubes.) Cell 
suspension as described above. Add 1 drop from 1 ml. pipette to each tube. 


Test for iso-agglutinins. Set up series of tubes as for the control, using type 
specific pooled serum but use 0.05 cc. of serum to be tested IN PLACE OF the 
commercial Anti-Rh serum in the first tube. Proceed as in otlier series of tests. 

Allow to stand at room temperature overnight OR incubate in 37° waterbath 
for 45 minutes. If room temperature drops as much as 15° below 37°, during the 
over night incubation period, place racks of tubes in waterbath for 15 minutes 
before centrifuging. 

Centrifuge tubes at approximately 2500 rpm for 4-5 minutes. Read promptly. 
Tilt tube gently (any rough shaking of tube will completely mask a ± reaction). 
Read before a frosted light (Kahn or microscope lights are satisfactory). Readings 
are -1- (large, distinct aggregations of cells, with no outflow of single cells); ± 
(smaUer aggregations of cells, with some dispersion of cells), - (no aggregation of 
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cells). If reading is a weak ±, reading ma3’- be facilitated by noting aggregate at 
bottom of tlie tube, i shows a rough, irregular edged circle, while — shows a 
smooth circle with single cells flowing from the sides. 

STUDY 1 

In order to provide controls for the various phases of this problem, 
the titer of the commercial Rli-diagnostic serum was determined on 
Rh-positive cells of stock group 0 and stock group A blood as well as 
on the blood of Baby F. (group A), dilutions being made with isotonic 
solution of sodium chloride. The results of the control studies are 
showm in table 1. 

The commercial anti-Rh testing serum showed titers of 1:64 with 
the three groups of Rli-positive cells used in the following studies. 

TABLE 1 

Titer of Commercial Testing Anti-RJi Scrum 
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(All dilutions were made with isotonic solution of sodium chloride.) 


STUDY 2 

Tliis Study was done on the serum of the donor, Mr. B., who sup- 
plied the blood for the massive transfusion previously reported. It 
was done to determine, if possible, the existence of any anti-Rh anti- 
gen-antibod}’^ reaction factor in his blood. The results are shown in 
table 2. 

When the commercial anti-Rli testing serum was variously diluted 
with the serum of Mr. B., there was evidence of anti-Rh antigen-anti- 
body reaction factor activity in agglutinations of and above 1 : 10 but 
complete inhibition of agglutination in dilutions of and above 1:40. 
When isotonic solution of sodium chloride was used as the diluent, 
agglutination occurred in dilutions of 1:64. 
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STUDY 3 

This study consisted of examining the effects of various Rh serums 
from Rh-positive and Rh-negative donors on the red blood cells of 

TABLE 2 


Anti-Rh Antigen-Antibody Reaction Factor Titer of Serum of Donor Mr. B.for Infant F. 
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TABLE 3 

Effect of Incubation of Various RIt-Negative and RJt-Positive Blood Serums on the Rh-Posithe 
Cells of an Infant with Erythroblastosis Fetalis 
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(All dilutions were made with serum from Rh-negative and Rh-positive donors.) 


Baby F., who received the massive transfusion. The results are shown 
in table 3. 

The most striking result apparent from table 3 is the fact that Rh- 
negative blood serums were much more eSective in inhibiting agglu- 
tination than Rh-positive blood serums. The red blood cells from 
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Baby~F. used in this study sixty days after the massive transfusion 
probably contain some Rh-negative red blood cells. The serum of the 
donor Mr. B., who gave the massive transfusion, is shown to be effec- 
tive in preventing agglutination of the infant’s cells by potent com- 
mercial anti-Rh testing serum. This fact, of course, suggests the 

TABLE 4 

Effect cf Itscubalion of Various Rli-NegalKe and Rt:-Posilkc Blood Serums on Rk-Positke 
Cells Tested loith Commercial Pit Testing Serum 
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(.•Ml dilutions were made wth serums of Rh-negative and Rh-positive donors.) 


reason for the beneficial results on erythroblastosis fetalis when Rh- 
negative blood is used for transfusions. It further suggests that there 
may be a beneficial result or efi^ect on the fetus exposed to anti-Rh 
agglutinin if that mother during gestation is given serum from Rh- 
negative donors at regular inter\-als. 
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STUDY 4 

The effect of Rh-negative and Rh-positive blood serums on agglu- 
tinations of Rh-positive cells with the commercial anti-Rh testing 
serum was studied. The results are shown in table 4. 

There is a rather noticeable difference between the degree of inhibi- 
tion of agglutination with the use of serums from Rh-negative donors 
and the inhibition produced by Rh-positive serums. One Rh-positive 
serum (“a”) acted somewhat like Rh-negative serum and there is some 
hereditary evidence that this donor is heterozygous instead of hom- 
ozygous. A further study is being done on persons whose blood reacts 
in this fashion, and it may be possible to predict whether an Rh-posi- 
tive person is heterozygous or homozygous from the presence or absence 
of the anti-Rh antigen-antibody reaction factor in his serum, as true 
Rh-positive donors seem to have little or none of this factor in their 
serums. From table 4 it is evident that the Rh-negative male donors 
tested, not having received a transfusion, show considerable anti-Rh 
antigen-antibody reaction factor in their serum. 

COMMENT 

Rh-negative blood serums, particularly those of males that have 
been tested, contain an anti-Rh antigen-antibody reaction factor that 
inhibits the Rh antigen-antibody reaction. The presence of such a 
factor can furnish an answer to a number of questions about hemolytic 
disease of the newborn (erythroblastosis fetalis). Such a factor, as 
will be pointed out later, could be of great value in the treatment and 
possibly in prevention of this condition. 

Levine expressed the opinion that one should expect erythroblastosis 
fetalis to be a disease exclusively of the fetus, with spontaneous cure 
at birth. The presence of such an inhibiting Rh antigen-antibody 
reaction factor circulating in Rh-negative blood and holding this re- 
action in abeyance or to a minimum until the fetus is removed from its 
sphere of influence would explain the mechanism in many instances of 
rapid development of erythroblastosis fetalis shortly after birth. 

As has frequently been observed, the titer of the maternal anti-Rh 
agglutinins is not necessarily proportionate to the severity of the fetal 
disease. The reason for this lack of correlation between the severity 
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of the disease in -the fetus and\hc concentration of agglutinins in the 
mother’s blood is staled by Potter to be unknown. The presence of 
an anti-Rh antigen-antibody reaction factor can e.xplain this phenome- 
non. Women whose infants arc affected with the most severe form 
of the disease and in whom it is impossible to demonstrate agglutinins 
may have little or no inhibiting anti-Rh antigen-antibody reaction 
factor present, so that the infant receives no .protection from his 
mother. In m'others having a high liter and a high neutralizing anti- 
Rh antigen-antibod}' reaction factor, the infant may be given con- 
siderable protection and be only mildly, if at all, affected. 

The presence of this anti-Rh antigen-antibody reaction factor in 
Rh-negative blood serum and possibly to some extent in heterozygous 
Rh-positive blood scrum further explains why Rh-negative blood is 
much more effective in transfusions for infants with crj'throblastosis 
fetalis. 

Clinical experimental work with mothers given scrum from Rh- 
negative male donors during gestation of expected crythroblastotic 
infants in an effort to inhibit or minimize the injury’ to their fetuses 
will be reported. At the present time the blood of an Rh-negative 
mother having a normal infant after a previous infant who died of 
erythroblastosis fetalis has been studied. Anti-Rh agglutinins that 
were present days before delivery in this mother’s blood disappeared 
twelve hours after delivery of the normal infant. The anti-Rh anti- 
gen-antibody reaction factor increased in this mother's blood scrum 
approximately fourfold. Anti-Rh agglutinins were demonstrated also 
in the normal infant’s cord blood, and the anti-Rh antigen-antibody 
reaction factor was present in the same liter as in the mother’s blood 
serum. 

A question may arise as to whether or not the prevention of agglu- 
tination of Rh-positive cells in the presence of a potent anti-Rh agglu- 
tinin serum is the result of the "blocking anti-bodies’’ described by 
Wiener. These "blocking antibodies,’’ or univalent agglutinins, were 
independently discovered by Race and by Wiener. The "blocking 
antibodies’’ combine with their antigen, but the reaction stops at this 
point in vitro and no agglutination or hemolysis occurs. The presence 
of these univalent agglutinins can be demonstrated by adding potent 
anti-Rh-agglutinating serum to a mixture of patient’s scrum that has 
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been incubated with group 0, Rh-positive cells. If the patient’s 
serum does not contain any “blocking antibodies,” strong clumping 
should now be evident. Should the patient’s serum contain “block- 
ing antibodies,” the Rh-positive red cells will remain unagglutinated, 
or the clumping will be weakened. The anti-Rh antigen-antibody 
reaction factor is different from the “blocking antibodies” because it 
occurs in the serums of Rh-negative male donors who have received 
no blood transfusions and obviously could not be sensitized by preg- 
nancy. Second, ten infants with erythroblastosis fetalis have received 
large transfusions to date from selected Rh-negative male donors with 
the higher titers of the Rh protective factor for the effect of this factor. 
The response has been excellent, and all infants have done well, some- 
thing one would not expect if this protective factor is a “blocking 
antibody.” 

The paralleling clinical and laboratory evidence showing the anti-Rh 
antigen-antibody reaction factor to be a natural protective factor 
present in the blood of Rh-negative persons is being published. It is 
suggested, therefore, that this natural Rh-reaction inhibitory factor 
be called the Rh-protective factor. 

The serums of Rh-positive men who from their offspring are known 
to be heterozygous will be examined for evidence of the anti-Rh anti- 
gen-antibody reaction factor. If this is consistently found, it may 
constitute a simple determining test for the Rh heterozygote. 

SUMMARY 

1. The serums of the Rh-negative bloods used in the studies of this 
article have been shown to contain an anti-Rh antigen-antibody reac- 
tion factor that inhibits the Rh antigen-antibody reaction. 

2. The serums of the Rh-positive bloods used in the studies of this 
article have been shown to contain no anti-Rh antigen-antibody reac- 
tion factor except for the small amount found in one man who is 
heterozygous. 

3. At the present time it is believed that this anti-Rh antigen-anti- 
body reaction factor is a specific inhibiting substance for the Rh reac- 
tion. The natural occurrence of this anti-Rh antigen-antibody 
reaction factor serves as a vital protective means for Rh-negative 
persons and for infants subject to hemolytic disease of the newborn. 
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Serum from Rh-positive persons in the few instances tested nullified 
the inhibiting power of the serum from Rh-negative male donors. 

4. The value of both cells and serums of Rli-negative bloods, with, 
probably, the serums being of greater value for transfusions in infants 
having erythroblastosis fetalis due to anti-Rh agglutinins, is believed 
in at present. 

5. The males tested in this study showed in their blood serums 
greater amounts of this anti-Rli antigen-antibody reaction factor, and 
it is possible that blood used from such donors will be more effective 
in the treatment of hemolytic disease of the newborn (erytliroblastosis 
.fetalis). 

6. The prevention of hemolytic disease of the newborn (eiythro- 
blastosis fetalis) is an obstetric problem. It is hoped that the use of 
suitable Rh-negative blood and blood serums at regular intervals 
before delivery in the light of its inhibitory effect on anti-Rh agglutina- 
tion in vivo and in vitro, as demonstrated in this article, may result 
in the salvage of a larger number of those infants. 

7. The presence of the anti-Rh antigen-antibody reaction factor in 
the serums of Rh-positive males may point to the fact that those males 
are heterozygous. 
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Illnesses of emotional origin— the neuroses and allied disorders— 
constitute a large part of the ill health for which people seek medical 
help. Estimates vary, ranging from the neighborhood of one-third 
of all patients up to two-thirds of all patients, as the proportion of 
those in whom the most significant cause of ill-health is of emotional 
or neurotic character. The larger estimates include many who do 
have some organic pathology which is not considered an adequate 
explanation for the complaints presented. On the more conservative 
estimate, about one patient in every three entering a doctor’s office 
needs psychotherapeutic assistance; yet medical education has not 
prepared physicians well to meet this need, or even in fact to recognize 
properly the neurotic illnesses at the stages in which they respond best 
to psychotherapeutic treatment. An attempt is made herein to out- 
line a perspective on the therapeutic possibilities and principles by 
which the physician may be aided in his treatment of the neuroses and 
allied forms of illness. 

Let us plunge at once into the consideration of a type of neurotic 
illness familiar to all physicians — the anxiety reaction, or the “jitters.” 
The anxiety reaction may proclaim itself in obvious clinical manifesta- 
tions of tension, tremulousness, restlessness, moist palms, rapid or 
irregular action of the heart, and “butterflies” in the stomach, or may 
be masked behind a patient’s complaint of “heart trouble”, “stomach 
trouble’’ or “thyroid trouble”, or it may be half concealed by some 
once-respectable medical term like neurocirculatory asthenia or shell- 
shock. 

Let us for our purpose suppose that the diagnostic problem is settled 
— the patient is found to have a neurotic anxiety reaction. The prob- 
lem is then therapeutic, and this therapeutic problem is in the setting 
of general medical practice. What help can be given such a patient? 

Well, in the general run of medical practice there vdll be a certain 
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proportion of patients, a rather small proportion, who spontaneously 
respond very well when informed that their S3Tnptoms are of emotional 
origin. Such a patient may be aware of a persistent source of un- 
certainty or worry which can be decisively settled and whose settlement 
relieves his anxiety. 

More commonly, however, the patient is not able without help to 
understand the personal meaning of his anxiety. He is therefore 
unable to take decisive action, and so continues in the anxiety state, 
or he may even get more anxious over the added worry that something 
is going wrong in his mind about which he can do nothing. Is this a 
problem about which the general practitioner can do some useful 
therapy, or is it necessary to call in a psychiatrist, and, if so, where 
are we to get the tens of thousands of psychiatrists needed? These 
are pressing problems which come up at once when one faces the issue. 
Of course you know and I know that the issue is usually not faced. 
The doctor finds some “suggestive evidence” of possible avitaminosis 
or endocrinopathy. He embarks upon a series of therapeutic trials, 
trying to bolster up his own hope, against his better clinical judgment, 
that this capsule or that injection will somehow do the therapeutic 
trick. It usually doesn’t. This is sometimes known as giving the 
patient the benefit of the doubt, but that is not the correct way to 
state it. Unfortunately, when the first flush of suggestive benefit has 
faded, the patient has usually added another layer of psychopathology 
to the anxiety reaction, — he has become in some measure hypochon- 
driacal or neurasthenic, confirmed, so to speak, in the pill-taking faith, 
or goes on to seek surgical intervention, so the still remaining psycho- 
therapeutic task is multiplied in complexity and difficulty. 

Let us return then to the question, “Can the general practitioner do 
some useful psychotherapy in those anxiety reactions which do not 
promptly cure themselves when reassured as to organic integrity?” 
Opinions differ on this question. Everyone must admit that there do 
exist certain rare physicians with remarkable powers of intuitive insight 
and personal charm who are able to give much support to anxiety- 
ridden patients. The practical question concerns, however, the more 
nearly average physician, — the one without this “magic touch.” Can 
he learn to give useful psychotherapy to patients in anxiety states? 
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My own opinion is, “Yes, but with two important qualifications.” 
First, one has to give some serious study and effort to mastering the 
intelligible principles of psychotherapy and, second, one needs to. 
establish serious consultative contacts with some other physician or 
physicians likewise seriously interested in psychotherapy. You will 
note, and perhaps be surprised at my setting forth the necessity for 
consultative contacts with another physician. You would perhaps be 
less surprised if I specified consultative contacts with a well-trained 
psychiatrist, which would of course.be fine. But another general 
practitioner will do. I wish to return to this consideration later. 

The first necessary step for the general practitioner in doing useful 
psychotherapy is the mastery of some intelligible principles of psycho- 
therapy. This involves a scientific and professional understanding 
of human nature which has seldom in the past been presented to the 
physician at the right time, namely, in medical school. The medical 
schools are, one by one, in varying degree, moving toward a better ful- 
fillment of this obligation. The physicians of the future should be 
much more adequately informed about personality functions and per- 
sonality disorders than the physicians of our generation. But it is my 
obligation to try to say now what constitutes the minimal grasp of 
principles which the present general practitioner would need to know 
to undertake psychotherapy. 

I do not believe that doctors should attempt to do psychotherapy 
blindfolded — that is to say, in ignorance of psychopathology and psy- 
chodynamics. In considering the treatment of neurotic anxiety reac- 
tions, one should have some fairly clear concept as to the nature of 
this disorder, Lilce other neurotic illnesses, the anxiety reaction is a 
symptom of unfinished business, — some internal conflict or issue which 
the patient has not been able to settle, and which therefore haunts 
him. I would go further and express my agreement in general with 
those who say that neurotic anxiety reactions are symptoms of dffi- 
culty in managing some inner impulses. This is usually unknown to 
the patient. The patient commonly believes his anxiety is aroused by 
circumstances, but that belief just misses the bull’s eye. The circum- 
stances arouse certain unacceptable impulses, and the patient’s diffi- 
culty in handling those impulses is what stirs up the anxiety. I express 
myself rather dogmatically on this point because my observations and 
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experiences have convinced me of the general validity of this concep- 
tion of the anxiety reaction, and I consider it of great strategic im- 
portance for therapy. It is not always necessary for success in psycho- 
therapy to know the original cause of the patient’s conflict of impulses, 
but it is a great help to know something of its nature in the individual 
case, that is to recognize what sort of impulse is aroused by the circum- 
stances and to mobilize the patient’s resources for dealing decisively 
with that sort of impulse. 

Not only is the neurotic patient ordinarily ignorant of the nature of 
the impulses concerned in his anxiety reaction; he doesn’t want to 
know, if he can avoid it, for these impulses are usually of a sort that 
would shame him. It is just at this point that the emotional nature 
of the patient-physician relationship has its crucial importance in 
psychotherapy. People can sometimes endure to take off their con- 
cealments and look at themselves in the doctor’s presence, in a way 
they can do in few other situations. If the doctor can stand the vdew, 
the patient can too. Some doctors can’t stand it, — they are made v^ery 
uncomfortable by raw human nature. Such a doctor should not try 
to do psychotherapy. Human nature is not all pretty on the inside. 
There is a good deal of meanness and low animal nature native to 
everyone. In recent decades those recesses of human nature con- 
cerned with sex have been widely publicized. There is some reason 
to believe that people in general now have a less sordid view of sex 
than prevailed a generation ago. Nevertheless, the physician who 
undertakes to do psychotherapy should be prepared to make the ac- 
quaintance of some fairly sordid aspects of human nature, sexual or 
otherwise. Those w^ho have to steel themselv^es to endure the sordid 
revelations of human impulses do not do very good psychotherapy. 
It seems to require a fairly robust faith in the human race, — a faith 
which may grow with a doctor’s experience, as his knowledge of his 
patients’ lives broadens and deepens. One of the basic principles of 
psychotherapy is to permit the patient to be straight-forwardly honest 
about himself. I say “permit” advisedly because I find that physicians 
often automatically shut off the patient from telling the candid truth 
because of the overprotective medical tradition. 

The parallel to this principle of straightforward candor is for the 
physician to display interest in, and appreciation for, the patient’s 
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assets and good points. In every medical history designed for psycho- 
therapeutic purposes there should be a section which tells of the pa- 
tient’s best periods and the pattern of the patient’s life at those periods. 
This provides concrete information about the patient’s level of per- 
sonality functioning at its best, but, more significantly, the detailed 
conversation with the physician about the periods of good functioning 
may revive afresh some of the constructive and positive personal 
attitudes which made one function well at that time. 

In reading some of the modern psychiatric literature and especially 
in attending psychiatric movies, the American public has been fasci- 
nated by the search for that one childhood incident which was the 
cause for today’s neurosis. Well, a great many patients are helped to 
make very good recoveries without anyone’s ever learning the cause 
in this sense. Indeed, it may generally be doubted whether it is proper 
in most cases, to speak of the cause as a single incident, since the crux 
of a neurosis often lies in a conflict of attitudes or a failure in personality 
development, which had a long and intricate development without any 
one specific incident as the cause. What is of much greater importance 
than to find the cause is to discern the meaning of the symptoms, the 
motivation, in terms of the issue at stake in the life situation to which 
the neurosis is the patient’s reaction. There are no wholly dependable 
tricks of the trade which can be relied upon to reveal this meaning 
when the patient is reluctant or unable to talk. It happens to be 
true that mute patients — those who do not talk — ^happen to be a 
special personal interest of mine, and I have developed certain skills 
in establishing communication with them, but those skills are not the 
business of the general practitioner. I do, however, wish to offer one 
suggestion of considerable value in trying to figure out the meaning 
to the patient of a life-situation which seems to the physician trivial 
and inappropriate as the occasion for so much anxiety. That sugges- 
tion is to evaluate the level of the patient’s emotional maturity, which 
may be done, approximately, by a suitable interview and history. I 
do not mean merely to decide that the patient is immature. That is 
somewhat too general. What I mean is to locate approximately the 
patient’s position on a scale of emotional growth, the principal posi- 
tions being denoted by the terms infantile, childish, early adolescent, 
late adolescent and adult. These terms, as I use them, summarize 
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the level to which the patient’s personality has grown in its emotional 
maturation, rather specifically in regard to dependence and responsi- 
bility. For teaching purposes I have defined these terms in the follow- 
ing brief fashion: 

Infant level: complacently or petulantly dependent. 

Child level: making excuses for self, but expecting perfection in 
others. 

Early Adolescent level: “Independent” of authority but much con- 
cerned about contemporaries — badges, cliques, prestige — “show- 
ing off”; strenuously adventurous. 

Late Adolescent level: Very self-consciously idealistic, or cynical or 
romantic; sophisticated or sophomoric “line”; radical or ex- 
tremist in belief but less adventurous in action. 

Adult level: More absorbed in work or family than in self-assertion; 
reconciled to limitations through satisfaction in real achievements; 
accepting and sharing responsibility without “fuss.” 

A biographical review and interview which provides the evidence 
for evaluating the patient’s level of emotional maturity generally 
serves also to reveal attitudes involved in the patient’s neurotic reac- 
tion to the current life-situation, giving the doctor a fairly clear idea 
of the emotional meaning of the situation to the patient, even though 
the patient is still in the dark. Just how well the general practitioner 
can learn to size up patients’ attitudes and the levels of emotional 
maturity must of course vary with one’s insight and experience, and 
the amount of study and thought given to the matter. It is not wholly 
a gift. It is a skill that can be developed by exercise. 

Granted then that the physician has a certain degree of skill in 
evaluating people’s attitudes in relation to life-situations and the level 
of maturity, and is thereby equipped to discern the meaning of the 
patient’s neurotic anxiety reaction to a situation seemingly inappro- 
priate, such a physician is, in a fair measure, prepared to undertake 
psychotherapy, and that psychotherapy will consist largely in the 
thoughtful and respectful consideration with the patient of how the 
situation might be met more effectively, not by an ideal person, but by 
the person who is the patient, using to the best advantage the assets 
and attitudes which he has shown in periods of good adjustment. 
When I say consider with the patient, I mean consider, I do not mean 



16 


JOHN C. WHITEHORN 


to urge or to exhort, but to consider things together with mutual 
respect. The doctor need not be excessively humble or passive about 
this, for in his ordinary quiet and objective way the physician often 
exerts tremendous personal influence which can be brought to the 
support of the patient’s weakened self-confidence. This personal 
influence in the patient-physician relationship is the real moving force 
in psychotherapy. The whole art of psychotherapy depends largely 
on learning how to exert this special personal influence strategically 
to the patient’s best advantage in finding a better way to meet life- 
situations. That is why it is important to know something about 
patients as persons and about the dynamics of neurotic reactions. 

This brings me to the second qualification which I specified when I 
said that the general practitioner could do effective psychotherapy, 
with two qualifications. The first I have just finished discussing in a 
general way, — the mastery of a certain knowledge of human nature 
and the psychodynamics of neuroses. The second qualification was 
that he should establish serious consultative contacts with some other 
physician or physicians likewise interested in psychotherapy; and I 
would like now to consider with you the meaning and purpose of this 
point. The most active agency in psychotherapy is the emotional 
relationship and interaction between patient and physician, and I 
seriously doubt if this rather intensive personal relationship can be 
employed effectively and yet with professional discretion and judgment 
unless the physician attempting to do so has a trusted professional 
colleague to whom he can make objective reports and thereby keep 
himself objectively oriented. 

There has been much discussion in recent years of group psycho- 
therapy. What I am attempting to say now is the converse of ordinary 
group psychotherapy — ^namely, that the psychotherapist should be a 
member of a group niunbering at least two who share a common and 
serious interest in following each other’s psychotherapy. They may 
in this fashion maintain each other’s objectivity in the employment of 
a rather subtle kind of subjective influence— the emotional relation- 
ship between patient and physician. 

Let me tell you some of the reasons which lead me to emphasize 
this point. It has been my good fortune to become acquainted in 
several sections of this country, and in the Army, with a number of 
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physicians who have become individually interested in psychotherapy 
and have attempted individualistically to do psychotherapy. The 
physician attempting to do psychotherapy all on his own, so to speak, 
is not usually aware of the emotional intensity of the patient’s reactions 
to him until it suddenly erupts explosively, whereupon he over-reacts 
in a defensive or aggressive way and spoils the whole therapy; or per- 
haps the doctor himself gets emotionally involved in a way which is 
not helpful. After a few experiences of these kinds the interested 
physician usually adopts one or the other of two opposite patterns. 
Either he becomes so coldly professional and impersonal in attitude 
as to lose most of the potentiality for effective psychotherapy, or he 
drifts into a series of intensive personal relationships with patients 
which cease to have therapeutic value to the patients and which be- 
come in effect a special neurosis of the physician. To avoid these two 
extremes of reaction, nothing is so helpful as the habit of objective 
report and consultation with another professional associate who has a 
similar S3rmpathetic but practical interest in psychotherapy. 

It is also helpful to point out another reason for consultative contacts 
to maintain objectivity. The doctor who is unsuccessful in the at- 
tempt to exercise his personal influence in psychotherapy suffers a 
more disturbing personal fnistration than when his prescriptions are 
unsuccessful. This experience is hard to take all alone, but if two or 
more share each other’s experiences in an objective way each knows 
that the others are also frustrated at times, and consequently does not 
take his own defeats so much to heart. 

We have been considering, in some detail, the considerations which 
seem to me important and necessary for the physician in general prac- 
tice to do useful psychotherapy for patients who are in the condition 
called anxiet}'- reaction. 

There is a large group of neurotic illnesses which might be compre- 
hended under the headings of tension states and fatigue states. By 
and large these are simply cases of anxiety reaction in which the effects 
of anxiety have come to loom larger than the anxiety itself. The 
principles of treatment are essentially the same, — to arrive at a sound 
personal diagnostic formulation through mutually respectful considera- 
tion with the patient of his reaction and the life-situation, and to 
utilize the personal influence of the patient-physician relationship to 
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provide a corrective and supportive emotional experience, whereby the 
patient may come to deal with his situation more effectively and 
maturely. 

There is, however, a more complicated level of neurotic illness, 
which may be more frustrating to one’s psychotherapeutic ambitions. 
I refer now to the neurotic defense mechanisms, such as hysterical 
conversion, hypochondriasis, circumscribed phobias, and obsessive- 
compulsive adjustments. Expressed in the broadest terms, these 
neurotic defense mechanisms may be considered as devices for evading 
major anxiety reactions by unconscious mechanisms which gain one 
special sympathy or excuse one from facing intolerable situations. 
Some of these conditions are very difficult to treat psychotherapeuti- 
cally, others respond well and promptly. It is not always possible to 
tell which will respond well. Success in their psychotherapeutic treat- 
ment is made more difficult, in general, by the passage of time, by the 
multiplication of operations and special tests, and by the taking of 
medicines. In general, the psychotherapy of the neurotic patient with 
well-established neurotic defense mechanisms is a task for the specialist 
rather than the general practitioner. One may hope, however, as 
psychiatric training improves in medical schools, that more and more 
medical men, even though not specialists in psychiatry, will be able to 
treat such patients successfully. 

There is one special group which I wish to discuss because of its 
prevalence and general medical importance. I refer now to the group 
of patients called by Alvarez the “constitutional inadequate.” These 
are persons who are always tired or suffering various aches and pains 
because they try to live at a level which is beyond their physiological 
means. In this sense the concept of constitutional inadequacy has a 
certain validity. In the main I consider it more accurate to pin down 
at least a large proportion of these cases under the designation of 
obsessive perfectionists. In other words it has seemed to me that such 
patients have not been able to be reasonably lenient on themselves 
because they are driven by neurotically obsessive attitudes. They 
tend therefore to alternate between a worn-out neurasthenic state in 
which they are dreadfully tense, irritable and fatigued and have to be 
inactive, and a state of obsessive overwork which drives them again 
into the fatigue state. Some of these patients can be saved from what 
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is a rather miserable pattern of life by psychotherapy directed at the 
relief of the obsessive mechanism. The general practitioner sees great 
numbers of these patients, and may be able to help a few by psycho- 
therapy of a fairly blunt and straightforward type designed to relieve 
the obsessiveness. 

In concluding this discussion of psychotherapy in general medical 
practice, I vull summarize the main points by saying that many pa- 
tients showing anxiety reactions may be aided considerably by psycho- 
therapy which can be done by the general practitioner who is willing 
to put in a certain amount of hard work to gain an understanding of 
the matter and who will maintain consultative contacts with a col- 
league likewise seriously interested. Many patients in tension states 
can likewise be aided. The prospects are not so good for the psycho- 
therapy of well established neurotic defense reactions by the general 
practitioner, but it does seem potentially useful for him to attempt 
psychotherapy on a very numerous group of patients who are neuroti- 
cally driven by obsessive perfectionism to exertions beyond their 
physiological capacity to sustain. 

The development of a moderately successful skill in psychotherapy 
should be a considerable source of gratification to the practitioner in 
providing a feeling of decent competence for dealing with that one- 
third or more of his patients whose primary medical need is for psycho- 
therapy. The insight into human nature, which is a by-product of 
psychotherapeutic success, enriches one’s professional life through 
a very interesting and gratifying appreciation of the constructivg 
potentialities of human beings. 
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INTRODUCTION 

Following the discovery by Dunn, Sheehan, and McLetchie (8) 
that the ureide of mesoxalic acid, alloxan, injected into the rabbit in 
doses of 300 mg. per kg. could be depended on to produce an extensive 
lesion of the islets of the pancreas with characteristic symptoms, many 
reports concerning alloxan diabetes in the laboratory animal appeared 
in the literature (1, 2, 3, 4, 7, 13, 19). 

Those investigators have dealt with the production of alloxan 
diabetes in the adult animal, and, so far as we have been able to deter- 
mine, no studies of the susceptibility of very young animals to SUoxan 
have been heretofore carried out. Friedgood and Miller (10) found 
that the fetal rat is not susceptible to aUoxan. The question arises, 
therefore, at what period of life does the animal become susceptible to 
aUoxan? 


METHOD 

The young rabbits in our experiments were obtained from adults of 
mixed stock bred in the laboratory. In the adult rabbit it has been 
demonstrated that a 200 mg. per kg. dosage of alloxan produces a 
permanent diabetic state (1, 6). In this series, a dosage of 300 mg. 
per kg. was employed before the thirtieth day after birth; on the 
thirtieth dav and thereafter a dose of 200 mg. per kg. was employed. 
Thus, the young animals were given a dosage 50% greater than that 
which produces diabetes in the adult. 

No animal was starved prior to injection. Intracardiac injections 
of alloxan were performed with a tuberculin syringe. Although the 
injection was rapid, blood was drawn into the syringe at the beginning, 
during the course of, and at the end of injection in order to confirm the 
intracardiac route. (Leech and Bailey have found that alloxan dis- 
appears almost completely from the blood within two minutes (21).) 

20 
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The diabetic state of the animal was determined by the blood sugar 
level, the blood being withdrawn from the animal by intracardiac 
puncture. This procedure was employed until the veins of the ear 
were of adequate size. The Folin-Malmros microtechnique (9) was 
employed to determine the blood sugar values. In this series, animals 
with blood sugar levels exceeding 300 mg. per 100 ml. were considered 
to be diabetic (13). In no instance were the animals intentionally 
starved prior to a blood sugar determination. The frequent and pro- 
longed absence from the mother which this procedure would entaU, 
and the delicate nutritional status of the newborn rabbit, rendered 
fasting impracticable. From the majority of litters employed in this 
experiment one or two animals were selected as controls, blood sugar 
values being determined concurrently with those of the injected ani- 
mals. These blood sugar values served as normal values and as 
controls over the blood sugar technique. 

RESULTS 

Fifty-one animals var3Tng in age from two through sixty days after 
birth were injected with alloxan. Thereafter, the animals were 
weighed and blood sugar determinations were made at intervals of a 
few days over periods ranging from two weeks to eight months (see 
Table lA). Weights and blood sugar levels of ten litter mate controls 
are to be found in Table IB. 

The distribution of diabetic animals in the total number injected 
is shown in Graph I. From this graph it wiU be noted that in none of 
the twenty animals injected prior to the ninth day were we able to 
demonstrate a diabetic state. Of the twenty-one animals injected 
from the ninth through the fifteenth day, four developed a permanent 
diabetes, six developed a transitorj'^ diabetes, and eleven failed to 
become diabetic. AH of the ten animals injected after the sixteenth 
day of life developed a permanent diabetes. 

This transitory alloxan diabetes in the laboratory animal, which 
we noted in six instances, has been reported in the literature (5, 6, 19, 
21). We have classified an animal as a transitory diabetic provided 
that at least once following injection he is hyperglycemic to the extent 
of 300 mg. per 100 ml. We consider an animal to have a permanent 
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diabetes if the hyperglycemia is maintained. One animal (76-A3) 
has remained hyperglycemic over a period of one year. The remainder 
were either sacrificed or died during the course of their diabetes. 

Statistical analysis of these data indicates the significance of the 
failure to produce demonstrable diabetes in the twenty animals in- 
jected prior to the ninth day. The expected incidence of diabetes in 
these animals would be 64.5%, this being the incidence of diabetes in 
the group injected on the ninth day and following. The standard error 
of the difference between the two groups is 8.6. The experimental 



DAYS AfTtR BIRTH ON WHICH RNmMS WERE INJECTED 

Graph I. Age distribution of animals injected with alloxan per day post par- 
tum and the incidence of diabetes. 

incidence in the younger group was 0.0%, or exactly 7.5 standard 
errors from the incidence in the older group, 64.5%. 

The blood sugar determinations were compiled and studied in the 
following manner. First, it was decided to determine the blood sugar 
levels in the normal, non-fasting, nursing animal. Blood sugar values 
were determined on each of twenty-eight animals several times every 
week from the second through the sixth week after birth. The values 
for all animals during each week were grouped, and an average value 
computed (Group A). The non-diabetic injected animals in the series 
were divided into two groups. Group B comprises all animals in- 
jected prior to the ninth day after birth. Group C includes those 
animals injected on the ninth day or after which failed to develop a 
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demonstrable diabetes. An average weekly value for each group was 
calculated by the method employed for Group A. The average blood 
sugar levels of each separate group are compared in Graph II. Statisti-’ 
cal studies indicate that the blood sugar levels of Groups B and C do 
not deviate significantly from the blood sugar levels of Group A during 
corresponding weekly intervals. 

In Table lA it will be noted that several relatively high blood sugar 
values were found in animals which have not been considered diabetic. 
When these values were obtained, control litter mates had similar 



Graph II. Average weekly blood sugar levels of nondiabetic animals. 

blood sugar levels (see Table IB). It was noted in general that the 
average blood sugar levels of the young, nursing animals were higher 
than the average blood sugar levels of the adult animal. 

Duffy (6) noted that the appearance of diabetes was correlated with 
a loss of weight. This is indicated in our series: 76-A3, 98-1 (reinjec- 
tion), 98-2 (reinjection), 105-1, 105-2, 105-3, and 105-A9 showed a 
definite loss of weight at various periods after injection; 57-1, 76-A2, 
and 71-A2 did not show this relationship; while the correlation in 75-1 
and 76-A5 is questionable. This relationship between weight and the 
diabetic state is demonstrated in Table lA. 
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One observes in Table lA that the period required for the develop- 
ment of a demonstrable diabetes varies greatly. On the first blood 
sugar determination following injection thirteen animals were diabetic 
within the first three days. This includes one animal which died in 
hypoglycemic convulsions. One animal was found diabetic on the 
fifth day, the first analysis following injection. Four other animals 
were found diabetic between the seventh and tweKth days following 
injection. Another animal was found to be diabetic on the fifteenth 
day after injection. In one animal, 76-A3, we are unable to determine 
the time of the appearance of the diabetic state. During the first 
two weeks after injection diabetes could not be demonstrated. Due 
to the vacation period no analyses could be made on this animal until 
five months after injection. At this time the animal was found to be 
diabetic. A number of investigators (2, 11) has reported that typical 
diabetes mellitus in the adult animal will develop during a short in- 
terval (24-36 hours) after injection of a diabetogenic dose of aUoxan. 
However, Leech and Bailey (21) have indicated that the diabetic state 
may not appear until the first or second week foUowmg injection. 

The question arose as to whether alloxan diabetes could be produced 
at a later period in those animals which had failed to develop diabetes 
when initially injected in the neonatal period. For this purpose four 
of those animals were chosen: 60-1 was injected with 200 mg. per kg. 
of alloxan two hundred days after the initial injection of 300 mg, per 
kg. on the sixth day after birth. The pre-injection blood sugar level 
was 122 mg. per 100 ml. of blood. A blood sugar level of 59 mg. per 
100 ml. was obtained sixteen hours after the injection. Twenty-two 
hours after injection the animal died in h 5 q)oglycemic convulsions. 
98-1 and 98-2 were injected with 200 mg. per kg. of alloxan thirty-one 
days after the original injection of 300 mg. per kg. of alloxan on the 
eighth day after birth. The pre-injection blood sugar level of 98-1 
was 147 ; and that of 98-2 was 105 mg. per 100 ml. On the day follow- 
ing injection blood sugar levels of over 400 mg. per 100 ml. were ob- 
tained in both animals. And on three other occasions during the 
week following injection the blood sugar levels exceeded 400 mg. per 
100 ml. These animals were maintained on insulin for eight days, and 
then sacrificed. 101-3 was injected with 200 mg. per kg. of aUoxan 
fifty-one days following the initial injection of 300 mg. per kg. on the 
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ninth day after birth. The pre-injection blood sugar level was 109 mg. 
per 100 ml. Twenty-four hours later a blood sugar level of 43 mg. per 
100 ml. was obtained, and within an hour the animal died in hypo- 
glycemic convulsions. Thus, at these later injection dates all four 
animals demonstrated the usual reaction to alloxan. 

HISTOLOGY 

In this study Hematoxylin-eosin stains were employed routinely. 
On all pertinent material the alpha and beta cells of the islands were 
differentiated by Gomori’s modification of his Chromium-hematoxylin- 
phloxin stain (12). 

In order to evaluate the changes found in the pancreas of the young 
rabbit following the injection of alloxan, alloxan diabetes was produced 
in an adult animal, and the pancreas from this animal was studied, 
the animal having succumbed twenty-four hours following injection. 
Microscopically, aberrations from the normal similar to those described 
by other investigators (2, 7, 11) were found in the pancreas of this 
animal (see Fig. 1). The islands showed by both techniques, in 
varying degrees of severity, the following changes: loss of cording of 
the cells, loss of cellular outline, coalescense of the cytoplasm into an 
almost homogeneous debris, pyknosis, and a fading of the nuclei asso- 
ciated with a diminution in the affinity for the basic stain. In the 
majority of the affected islands were found several cells, apparently 
undisturbed, which the Gomori stain showed to be alpha cells; i.e., 
the cytoplasm of the alpha cells stained a cherry red in contrast to the 
pale pink cytoplasm of the affected beta cells. 

Changes in the pancreas of the young rabbits which developed 
diabetes were comparable to those in the adult rabbit described above 
(see Figs. 6, 7). In those injected animals in which a diabetic state 
was not demonstrated there were observed none of the characteristic 
changes in the pancreas (see Figs. 3, 4, 5). It is known that the alpha 
cells in general are not susceptible to the effects of alloxan (2, 5, 13), 
which led to the consideration that possibly the islands in these young 
unsusceptible animals consisted primarily of alpha cells. However, 
when differential stains had been carried out it was found that the 
majority of the cells in the pancreas of the neonatal rabbit are beta 
cells, and that alpha cells are rarely seen. 
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It was noted that within the first two to three weeks after birth the 
islands appear to be fewer in number than in older animals, and that 
for a month after birth the islands were of a smaller size in general 
than in older animals (see Figs. 2, 8). It is interesting to observe that 
Hughes and Hughes (16) found that in the rat the smaller the islet 

TABLE IB 

Blood Sugar Levels And Weights Of Control Non-Injected Young Rabbits 

TQIE APTER BIRTH 


ANIMAL 

NUMBER 

Days 

Weeks 



1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

12 

13 

U 

3 

4 

s 

6 

58-5 

B.S. 



116 


143 




145 






129 

155 


137 


Wt. 



67 


88 




134 






310 

445 


980 

60-4 

B.S. 






138 


144 



111 




169 

154 


174 


Wt. 






92 


117 



168 




265 



870 

71-Al 

B.S. 

85 


66 





126 








184 

125 

145 


Wt. 

38 


40 





180 




320 




510 


1020 

74-7 

B.S. 


117 

129 






166 


225 



191 


129 

151 



Wt. 



45 






129 


154 



173 


225 

320 


74-8 

B.S. 


116 

134 






186 


193 



154 


164 

126 



Wt. 


34 

44 






109 


141 



162 


225 

380 


75-3 

B.S. 


roia 





153 



95 



158 


175 

142 

141 

123 


Wt. 


45 




108 

131 



210 



310 


MM 

Ewn 

wail 

840 

76-AlO 

B.S. 









166 



131 

162 

125 

158 

138 




Wt. 









172 



225 

260 

275 

355 

465 



98-3 

B.S. 


94 





146 




105 



m 

198 

189 

179 

141 


Wt. 


40 





155 




310 




Rail 

m 

765 

950 

101-4 

B.S. 

103 

142 






110 







185 

m 


181 


Wt. 

46 

54 






109 






185 


m 


960 

105-A3 

B.S. 


108 

116 



120 


164 







126 

177 




Wt. 


42 

50 



115 


170 












B.S. = Blood Sugar; Wt. = Weight. 


the larger the mean diameter of the beta ceUs, and that when alloxan 
was administered in repeated small doses it was the larger beta ceUs 
that were spared. 


DISCUSSION 

The results of this experiment indicate that with a dosage of alloxan 
even larger than that which regularly produced diabetes in the adult 
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rabbit a demonstrable diabetic state cannot be produced in the young 
rabbit prior to nine days after birth. Friedgood and Miller, who 
studied the response of the fetal rat to alloxan, drew the following 
conclusions: “l) In pregnant rats intravenously injected alloxan 
passes through the placenta into the fetal circulation within one or 
two minutes. 2) It does not, however, produce a permanent diabetes 
in the offspring. 3) The blood sugar values of the fetus parallel at 
a lower level that of the diabetic mother until parturition” (10). Our 
results indicate that a refractory state to alloxan exists in the rabbit 
following birth, and continues thereafter until at least nine days after 
parturition. 

Before discussmg possible reasons for this refractory state in the 
young rabbit, it is interesting to note that several factors have been 
reported in the literature which influence the production of diabetes by 
alloxan in the adult animal. Kass and Waisbren (18) have reported 
that fed rats are less susceptible to the diabetogenic action of alloxan 
than are those animals which have been starved for forty-eight hours 
prior to injection, the incidence of hyperglycemia being but 25% in 
animals whose food had not been withheld in contrast to an incidence 
of 92% in fasting animals. The same observers also noted, with no 
explanation, that epinephrine administered immediately before alloxan 
protected the fasting animals against the diabetogenic action of the 
drug. Attention has been centered on the rapid destruction of alloxan 
in the adult animal (14, 21). The present supposition is that the 
disappearance of alloxan from the blood stream is due to its combina- 
tion with sulfhydryl compounds. Some evidence for this belief is 
contained in Leech and Bailey’s observation that in rabbits the reduced 
glutathione of the blood disappeared coincidentally and parallel with 
the disappearance of injected alloxan (21). Lazarow (20) reported 
that the intravenous injection of large doses of glutathione or cysteine 
one to two minutes prior to the injection of a diabetogenic dose of 
alloxan completely protected rats from diabetes; and that when the 
sulfhydryl compounds were given one minute after the alloxan injec- 
tion partial protection occurred, whereas when three or more minutes 
had elapsed there was no protection. 

The explanation of the refractory state of the young rabbit is not 
evident at present. Two possibilities come to mind. First, the islet 
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cells of the pancreas at this period of life may be refractory to the drug. 
Second, aUoxan may be destroyed or inactivated in the body imme- 
diately after the injection during this period. The evidence mentioned 
above lead!| one to consider the possibility that a greater concentration 
of sulfhydryl compounds may be present in the blood stream or pan- 
creatic islet cells of the young animal than in the adult. In regard to 
this Needham states that the younger the animal the more glutathione 
it contains relatively (22). Thompson and Voegtlin found that the 
concentration of glutathione in the entire rat declines with age both 
during the embryonic and post-embryonic periods, but that the rela- 
tionship was not necessarily true for each individual organ (24). In 
the rabbit this finding was confirmed by Santavy (23). However, the 
pancreas was not included in these reports. 

TABLE n 


Susceptibility To Alloxan Of Various Mammalian Species Compared With The Blood Cell 

Concentration Of Glutathione 


SPECIES 

1 

UGS. GLXrTATHlONE PER 100 
GRAMS BLOOD CELLS 

MGS. OP ALLOXAN PER 

KG. OP BODY WEIGHT 

Rat 

53 

40 I.V. 

Dog 

79 

50-100 I.V. 

Rabbit 

114 

100-200 I.V. 

Guinea pig 

151 

?* 




I.V. = Intravenous. 

* See text for explanation. 


Goss and Gregory (15) demonstrated in newborn rabbits that sulf- 
hydryl concentration of the entire body is related to nursing. Young 
which had nursed for forty-eight hours had a mean glutathione concen- 
tration of 63 mg. per 100 grams of body weight, while litter mates of 
the same age which had not nursed had a mean concentration of only 
33.94 mg. of glutathione per 100 grams of body weight. Too, these 
authors foimd that the glutathione concentration in the newborn 
varied directly with the adult size of his race; and that the larger 
embryos within a race have at birth more glutathione than the smaller 
ones, and this is more the case in races of larger adult size than in those 
of smaller adult size. 

^We have collected data relative to the difference in the susceptibility 
to aUoxan of various mammalian species m comparison with the blood 
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cell concentration of glutathione (Table II). It is interesting to note 
that the higher the average species blood cell concentration of gluta- 
thione, the greater the species resistance to the diabetogenic action of 
alloxan. The glutathione determinations are from the work of Thomp- 
son and Voegtlin (24). The usually efficacious dosages of alloxan for 
the dog and rabbit are from Goldner (11). The dosage for the rat is 
from Lazarow (20). Goldner (11) states that the exact dosage for the 
guinea pig has not been determined, since only a dosage which results 
in the death of the animal within twenty-four hours produces pan- 
creatic lesions. 

I 

That resistance or susceptibility to the diabetogenic action of al- 
loxan does not bear a simple relation to the amount of glutathione in 
the blood is indicated by the fact that Santavy (23) found that the 
glutathione content of the blood of the newborn rabbit is approxi- 
mately one-half that of the adult, and yet our studies show a greater 
resistance in the newborn rabbit. 

Our observations demonstrate that in each case a second injection 
of alloxan at a later date produced the characteristic response to the 
drug in animals refractory in the neonatal period. Other observers 
(5, 16, 19) have reported that in adult animals an animal that has 
proved refractory to a first dose of alloxan seldom responds to sub- 
sequent doses. 


CONCLUSIONS 

1) A dosage of 300 mg. per kg. of alloxan, which produces diabetes 
in the adult rabbit, failed to cause diabetes in rabbits when injected 
before the ninth day of life. 

2) In four animals, which did not develop diabetes when injected 
in the neonatal period with 300 mg. per kg. of alloxan, a later injection 
of 200 mg. per kg. of alloxan, when the animals were one to six and 
one-half months old, did produce diabetes in each case. 
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Description op Figures 

(Photomicrographs by Miss Marjorie Jackson.) 

All photomicrographs were taken witli blue and yeUow filters at the same mag- 
nification. The islands illustrated are in each case cliaracteristic of those seen in 
the respective sections. 

Fig. 1. Necrotic island of Langerhans of adult rabbit 69 twenty-four hours after 
injection with 200 mg. per kg. of alloxan. Hematoxylin-eosin stain. 

Fig. 2. Island of Langerhans of normal rabbit 72-4, killed five days after birtli. 
Chroraium-hematoxylin-phloxin stain. 

Fig. 3. Island of Langerhans of rabbit 105-A3, injected with 300 mg. per kg. of 
alloxan on the fourth day after birth and killed on the twelfth day after birth. No 
hyperglycemia; no histological changes typical of alloxan damage. Hematoxylin- 
eosin stain. 

Fig. 4. Island of Langerhans of rabbit 105-A5, injected with 300 mg. per kg. 
of alloxan on the fourth day after birth and killed on the thirty-second day after 
birth. No hyperglycemia; no histological changes tj'pical of alloxan damage. 
Chromium-hematoxylin-phloxin stain. 

Fig. 5. Island of Langerhans of rabbit 101-B2, injected with 300 mg. per kg. of 
alloxan on the seventh day after birth and killed on the thirtieth day after birth. 
No hyperglycemia; no histological changes typical of alloxan damage. Hema- 
toxylin-eosin stain. 

Fig. 6. Necrotic island of Langerhans of rabbit 76-A6, injected with 300 mg. 
per kg. of alloxan on the eleventh day after birth and dead on the following day. 
No blood sugar determination was made. Hematoxylin-eosin stain. 

Fig. 7. Necrotic island of Langerhans of rabbit 105-A9, injected with 300 mg. 
per kg. of aUoxan on the seventeenth day after birth and dead on the twentieth 
day after birth. Hyperglycemia. Hematoxylin-eosin stain. 

Fig. 8. Island of Langerhans of normal rabbit 79-4, killed nineteen daj^s after 
birth. Hematoxylin-eosin stain. 

Fig. 9. Necrotic island of Langerhans of rabbit 60-1, first injected with 300 mg. 
per kg. of alloxan on tlie sixth day after birth. No hyperglycemia. Reinjected 
with 200 mg. per kg. of alloxan on the two hundredth day after birth. The anunal 
died in hypoglycemic convulsions the following day. Hematoxjdin-eosin stain. 
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Figs. 5 axd 6. 
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was demonstrated in twelve instances. The soft tissue shadow of the 
tumor displacing the nasopharyngeal air column, as in Figure 2, was 
demonstrated in seven instances. The roentgenograms showed no 
evidence of tumor in seven instances. Had anteroposterior and lateral 
films of the skull and stereoscopic films of the base of the skull been 
taken routinely in all cases, they probably would have revealed evi- 
dence of tumor in a large percentage of the cases. 



Frc. 2. Displacement of air column by carcinoma of nasopharynx. The 
wide air column which normally traverses the nasopharynx and can be seen over- 
lying the superior rami of the mandible has been obliterated by a soft tissue mass 
which has been outlined by arrows. 

Autopsy Examination: Seven of the forty-six cases were autopsied. 
In two autopsied cases, 12 and 33, the findings were an ulcerated tumor 
in the nasopharynx with metastases in cervical lymph nodes. In the 
first case, the tumor was a squamous cell carcinoma; in the second, a 
round cell sarcoma. The round cell sarcoma had also extended to re- 
troperitoneal, axillary, and inguinal lymph nodes. In both of these 
cases, the autopsy findings confirmed the clinical impression. There 
were no neurological manifestations. There was no demonstrated in- 
vasion of the base of the skull. 

Five autopsies were performed on cases with neurological manifesta- 
tions. Unfortunately, in no case were the cranial nerves dissected out 
and special stains applied in order to determine the point of involve- 
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TABLE 8 


Significant findings at autopsy in cases with neurological involvement 


CASE 

CLINICAL NEURO- 
LOGICAL INVOLVE- 
MENT 

■ ROENTGENOGKAU OF SKDLI 

. SIGNIPICANT AUTOPSY PINDINGS 

8 

L. 5,6,7,9,10 

None taken 

Carcinoma of the nasopharynx. The 
growth had invaded the petrous portion 
of the temporal bone, involving it com- 
pletely. It had spread beneath the dura 
where involvement of the cranial nerves 
occurred. The left temporal lobe was 
penetrated along the VIII nerve.* 

20 

1 

L. 2,5,6 

Destruction of base 
of skull 

Squamous cell carcinoma of the naso- 
pharynx. Tumor was found invading 
the base of the skull. On the left lateral 
aspect of the sphenoid bone, the tumor 
had apparently completely invaded the 
dura and was growing along the inner 
surface about the cranial nerves, es- 
pecially the fifth which was surrounded 
by tumor. Tumor had destroyed the 
bone beneath the posterior portion of 
the sella and compressed the hypophysis. 
The pons was invaded. 

28 

R. 3,4,5,6 

Almost complete de- 
struction of the 
sphenoid bone. 

Rhabdomyoma of nasopharynx. Erosion 
of bones at base of skull. Extension to 
right middle cranial fossa and to right 
cerebello-pontine region. Compression 
of aqueduct and fourth ventricle with 
enlargement of third and lateral ven- 
tricles. Invasion of sphenoidal sinus, 
floor of the sella, and hypophysis. Ex- 
tension to right orbit and right sub- 
maxillary region. 

29 

R. 5,6,7 

None taken 

Sarcoma of the nasophar 3 mx. Erosion into 
the base of the skull. Tumor was found 
all through the petrous portion of the 
left temporal bone and in the surround- 
ing soft tissues. It did not break into 
the cranial cavitjf. Cervical metastases. 

30 

R. 1,5,7,9 

Negative 

Sarcoma of the nasopharynx. Tumor 
pushed into the right antrum and into 
the sphenoidal sinus, appearing through 
the right part of the sella turcica. It 
extended up along the right cartoid 
artery. It invaded surrounding tissues 
vigorousl3^ 


* Autopsy performed at Hartford Hospital, Hartford, Connecticut by Dr. Kendell. 
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ses) . Pressure on nerves with resulting irritation and ablation phenom- 
ena easily explains all of the S)Tnptoms noted in the appropriate dis- 
tribution of the involved cranial nerves. In one instance, case 
8, actual invasion of the temporal lobe took place with a resulting 
agraphia. 


SUMMARY 

The clinical picture presented in forty-six cases of malignancy of the 
nasopharynx has been analyzed. An attempt to explain this picture 
on the basis of the anatomy of the nasopharynx, of the properties of 
neoplastic growth, and the disturbances created by pressure, obstruc- 
tion, and destruction, has been made. 
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Within recent years a number of chemical agents have been used in 
the treatment of tuberculosis. Encouraging results have been re- 
ported with the use of promine and diasone (1, 2), but treatment of 
tuberculosis in adults with promizole has not been reported favorably 
(3). However, promizole produced very encouraging results in ex- 
perimental tuberculosis of small animals (4). We were given the 
opportunity on the Children’s Medical Service at Bellevue Hospital 
to attempt the treatment of tuberculous children with this drug. A 
preliminary report of this study has already been published (5). 

We decided to try promizole first in that form of tuberculosis which 
has the worst prognosis and treated five successive cases of meningitis 
with no beneficial effects that could be determined. The children died 
six to twenty-five days after treatment was initiated and postmortem 
examination of the brains in two cases showed no demonstrable re- 
tardation of the disease. 

Acute generalized hematogenous tuberculosis was then selected for 
treatment with promizole because the course of this disease is more 
prolonged than that of meningitis thus allowing more time for action 
of a drug. The prognosis of this form of tuberculosis is almost as 
serious as that of tuberculous meningitis. Engel (6) saw only one 
recovery in fifteen years in a large pediatric service. Wallgren (7) 
reported 84 cases of miliary tuberculosis seen over a period of fifteen 
years with recovery in five. We have not seen a permanent recovery 
from acute miliary tuberculosis on the Children’s Medical Service of 
Bellevue Hospital during an observation period of 25 years. 

During a period of over 17 years prior to the beginning of this study 
in June 1944, 102 cases of generalized tuberculosis of miliary or slightly 

* Aided by grants from the National Tuberculosis Association and from Parke 
Davis & Company. 
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larger size were seen. Death occurred in 88 of these cases within three 
months after the diagnosis of miliary tuberculosis was established and 
only three children survived for more than a year. In two of these 
latter cases the disease progressed slowly until death occurred from 
meningitis in one case, and from chronic pulmonarj'^ tuberculosis in 
the other. The third case, a negro boy two years old was the only 
one who showed definite recession of the miliary tubercles on x-ray. 
He died of acute tuberculous pneumonia and streptococcic pericarditis 
23 months after the diagnosis of miliary tuberculosis was first estab- 
lished. On postmortem examination the miliary tubercles in the 
lungs, liver and spleen were in varying stages of fibrosis, hyalinization 
and calcification, although some caseous tubercles were present (8). 

Every case in this series showed roentgen evidence of mottling 
throughout both lung fields, and manifest primary tuberculosis was 
present on x-ray in 91%. In more than 25% of the cases, the develop- 
ment of mUiary tuberculosis occurred while the children were under 
observation for primary tuberculosis. In practically every child fever 
accompanied, and usually preceded, the appearance of the miliary 
shadows on x-ray but there was no abrupt change in general condition 
and nothing but the fever to date the onset of this complication. 
Moreover in this group, where the time of onset of miliary tuberculosis 
was known, as well as in our entire group of 102 cases, enlargement of 
the spleen and of the superficial lymph nodes was not a constant finding 
occurring in only 60% of the cases later proven by autopsy to have 
generalized tuberculosis. 

Our past experience therefore leads us to believe that miliary pul- 
monary tuberculosis is a disease of very grave prognosis, that it rarely 
clears even temporarily and that in children it is almost invariably 
part of the clinical picture of generalized miliary tuberculosis. 

TREATMENT OF ACUTE MILIARY TUBERCULOSIS VHTH PROMIZOLE 

DOSAGE 

In our first cases we gave an initial dose of 1 gm. daily and increased 
the dosage rapidly to the point of toxicity. In our more recent cases we 
have begun with 1 gm. daily and increased slowly, checking with the 
blood levels, until a daily dose up to 5 gms. was reached. We have at- 
tempted to achieve a blood level of promizole of 2 to 3 mgms. % since 
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we secured apparent therapeutic effects at this level. In two of our 
early patients, acting on the advice of Dr. Medlar, we reduced the dose 
to 1 gm. daily after treatment for six months with larger doses and in 
another case the dose was reduced after two months because of leuco- 
penia. It has been possible to maintain adequate blood levels on this 
low dosage. We plan to diminish the dose in new cases after we have 



Fig. 1. Thyroid gland of a child who died of miliary tuberculosis after treatment 
with 43 gms. of promizole during a period of 34 days. Only a rare acinus contains 
colloid. Tall columnar epithelium lines most of the follicles. Similar changes 
have been described in guinea pigs treated with promizole. 


clinical evidence of the effect of the drug either in diminution of the 
mottling on x-ray or in toxic effects such as leucopenia. 

TOXIC EFFECTS 

Vomiting has been severe in only one case and ceased after the drug 
was temporarily discontinued. The fluid intake of this child had been 
low and she tolerated the drug well when administration was resumed. 

Blood. Leucopenia occurred in two cases after three weeks and 
after four months of treatment. The lowest white blood cell count 
was 2,780 with 50% polymorphonuclear cells; after temporary with- 
drawal of the drug the count rose. One child, after nine days of treat- 
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ment showed a fall in hemoglobin to 8 gm. per 100 cc. and a red blood 
cell count of 2,960,000 per cu.mm. Following one transfusion his red 



Fig. 2. P. C., Case I, a 2 year old girl, showing enlarged nipples which appeared 
after 7 months of treatment. 

bloodjcell count and hemoglobin remained within normal limits on 
continued administration of the drug. 

Cyanosis appeared as early as a few hours after the first dose of 
promizole and was persistent in two children. Methemoglobin was 
found in the blood by photospectometry even when cyanosis was not 
noted clinicalljL 

Skin. Vulval pruritis lasting for a week occurred in one case. 
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Promizole had been discontinued for one week and the symptoms began 
several hours after the medication was resumed. 

Jaundice. One boy with peritonitis and enlarged liver had icteric 
sclerae and skin and an icterus index of 20 for a week. We can only 
speculate whether the icterus was due to liver damage from tubercu- 
losis or to the medication. 



Fig. 3. R. C., Case II, a 5 year old girl, showing enlargement of breasts after 
20 months treatment. 

Thyroid Gland. A definite increase in size appeared in all our cases 
two to five months after the drug was started. Withdrawal of the 
drug or the administration of desiccated thyroid gland caused marked 
decrease in size of the gland. This effect of promizole has been pre- 
viously described (9). On autopsy in animals hyperplasia of the thy- 
roid gland with markedly diminished colloid secretion was reported. 
One of our cases who died after 34 days of treatment showed a similar 
reaction in his thyroid gland (Fig. 1). This' action of promizole appar- 
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ently resembled the effect of sulfonamides and thiourea on the thyroid 
gland (10). In the three cases treated for more than two years, the 
rate of development of the carpal centers has been within normal limits. 

Sex Maturation. The three cases treated for more than two years 
all showed secondary se.v characteristics. The younger girl, Case I, 
developed enlarged nipples (Fig. 2) and a few labial hairs after seven 
months of treatment when she was less than three years old. Urine 
assay at this time showed a slight increase in the e.xcretion of 17 keto- 
steroids; 1.9 mgms. daily. ^ Case II showed nipple enlargement after 
tAventy months of treatment and her urine assay showed e.xcretion of 
3.1 mgms. daily of 17 ketosteroids. The breast tissue in this child 
at the age of five j’^ears is palpable and visible (Fig. 3). The boy has 
no visible change in his genitalia but pubic hair is present at the age of 
eight 3'ears. 

CASES OF ACUTE GENERALIZED MILIARY TUBERCULOSIS TREATED AVITH 

PROMIZOLE 

We have treated eleven children Avith acute miliary tuberculosis 
Avith promizole. All shoAved eAudence of primar}^ pulmonary tuber- 
culosis as Avell as mottling of miliarj’- or slightlj’- larger size throughout 
both lung fields. 

Three of these cases have been treated for less than si.x months and 
AA-'hile all are doing aa'cII it is too earty to evaluate results of therapy. 
Three cases were treated for less than a month. These comprise a 
four months old white boy (W. L.) AA'ho died 16 days after treatment 
AA’as begun; a 16 months old negro boy (R. G.) Avho AA^as treated in- 
tensively for 12 da 3 ’^s and then removed from the hospital against 
adAuce. This bo 3 " is alive tAvo years later in a hospital for tuberculous 
children and still shoAvs eAudence of miliar 3 '^ tuberculosis on .x-ray. It 
is impossible to place his case in either the treated or untreated group. 
The third case (V. B.) Avas a white girl four months old treated for 26 
da3'^s, AA’-hose medication Avas stopped because of a shortage of the drug. 
She died of tuberculous meningitis, shoAAung the first s 3 Tnptoms five 
AA’eeks after medication was discontinued. 

FiA^e consecutiA'e cases of acute miliar3’^ tuberculosis Avere treated 
for more than a month. Two of these cases died, one of meningitis 

> Urine assays for 17 ketosteroids AA-ere done by Dr. Konrad Dobriner. 
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after 4| months of treatment and the other after receiving promizole 
for seven weeks. Three children are alive and apparently free from 
miliary tuberculosis over two years after treatment was begun. A 
brief sunimary of the two cases who died follows: 

R. L. Porto Rican male was first seen when six months old with a possible pneu- 
monia following mastoidectomy. X-ray revealed a clouding of the right upper 
lobe and fine mottling throughout both lungs. Miliary tuberculosis was diagnosed 



Fig. 4. (A) P. C., Case I. X-ray taken May 1944 shortly before treatment 
showing mottling throughout both lung fields. 

and promizole begun at the age of seven months in dosage of 0.5 gm. daily. The 
infant at this time weighed 13 lbs. and was acutely ill with high fever and a constant 
paroxysmal cough. There was some clinical improvement at first, fever was lower 
and on some days the temperature was normal; anorexia disappeared and there 
was a small weight gain. But the primary focus and the disseminated mottling 
increased steadily in size. Fever recurred and the child died after 4^ months of 
continuous therapy with promizole. 

E. B. negro male two years old was admitted to Bellevue Hospital December 
1944 with a history of two months illness and x-ray evidence of miliary tuberculosis 
and primary pulmonary tuberculosis. On admission his temperature ranged from 
102°F. to 104°F. daily, he was acutely ill, and had a paroxysmal cough. His liver 
was felt almost at the level of the umbilicus and the spleen was palpable. One 
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gram promizole daily was first given December 19 and increased to two grams 
daily by January’ 10, 1945. ^Medication was suspended January’ 13, 1945 because 
of extreme distension but started again on January^ 24 and continued until dcatli 
on Februaiy 9. Serial .x-rays showed progressive increase in size of the hematoge- 
nous tubercles and cavitation in the primarx' focus. Autopsy revealed caseous 
primary tuberculosis and tuberculous pneumonia and empyema, miliaiy tubercu- 
losis of lungs, liver, spleen, kidney and pericardium and early tuberculous menin- 



Fjg. 4. (B) P. C., Case I. X-raj' taken March 1946 showing marked clearing 
of miliary shadows, although the primary focus is still visible in the third and 
fourth left interspaces. Note the annular shadow in the third interspace 
interpreted as a cavity, 

gitis. The thyroid gland was normal in size but on microscopic examination 
showed an almost complete absence of colloid and other changes similar to those 
described by Feldman (4) in guinea pigs treated with promizole (Fig. 1). 

The three cases who have suiwived acute miliar)^ tuberculosis are 
reported in greater detail: 

Case I. P. C. negro girl was admitted February 1944 at the age of two years 
with an excavating primary tuberculosis of the left lower lobe and miliary seeding 
throughout both lungs (Fig. 4-A). Irregular fever to 102°F. was present for a 
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month before admission and for five weeks after entering the hospital. She had 
.lost weight but was in fair condition, weighing 22 lbs. and did not look ill. The 
liver was felt two finger breadths below the costal margin; the spleen was not 
palpable. There was a general slight enlargement of the superficial nodes. Dur- 
ing the months following admission her general condition improved and she 
gained weight. Erythrocyte sedimentation rate fell from 28 mm. in an hour to 
14 mm. (Cutler Method) and white blood cell count from 20,000 to 12,000. How- 
ever, the mottling on x-ray became larger, the primary cavity more definite and 



Fig. 4. (C) P. C., Case I. X-ray taken February 1947, showing clear lung 
fields except for faint clouding in third and fourth left interspaces, remains of 
primary focus. 


her spleen became palpable. Promizole 3 gms. daily was started after 3| months 
of observation on June 6, 1944, Ten weeks later in August 1944 the mottlings on 
x-rays first appeared smaller. In October she had a fever of 102°F. and diminished 
breath sounds with moist rales were found over the left chest posteriorly. X-ray 
showed an extension of the primary lesion and shortly after this acid fast bacilli 
were found in the gastric contents for the first and only time. The dose of promi- 
zole was increased to 4 gms. daily. In November the miliary lesions were less 
evident on x-ray and by January 1945 the mottling was barely visible, the rales 
had disappeared and the spleen was no longer palpable. The cavity in the primary 
focus was last seen on August 30, 1946 (Fig. 4-B). At the present time there is still a 
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faint area of clouding at the site of the primarj’^ lesion and small calcifications are 
visible at the base of the left lung and in the spleen, but no mottling is visible in 
the lung fields (Fig. 4-C) . This child has to remain in the hospital for social reasons 
but is now apparently well three j^ears after the onset of miliary tuberculosis. 

Case II. R. C. negro girl was admitted in Ma}' 1944 at the age of four years 
with an extensive excavating primary tuberculosis of the left upper lobe and with 
mottling of miliary size throughout both lungs (Fig. 5-A). She had been ill with 



Fig. 5. (A) R. C., Case II. X-ray taken June 1944 before treatment, showing 
clouding in left lung to second rib, with enlargement of right root and mediastinum 
widened to right. Mottling of miliar)' size is seen throughout rest of both lung 
fields. 

an irregular temperature to 103°F. for two months before admission but did not 
look acutely ill on admission and was well nourished, weighing 39 lbs. Dullness 
and inconstant moist rales were heard over the left upper anterior lung field. The 
liver edge was one finger breadth below the costal margin, the spleen was easily 
palpable and there was general enlargement of the superficial lymph nodes. Promi- 
zole 3 gms. daily was begun on June 6, 1944. Within 24 hours she began to vomit, 
cyanosis was noted and on June 12 promizole was stopped because of delirium and 
choreiform movements of the extremities. After this condition subsided, adminis- 
tration of promizole was resumed with 2 gms. daily and later the dosage was 
increased to 2? gms. There was no return of symptoms of toxemia. Six weeks 
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a positive tuberculin test and x-ray evidence of mottling throughout both lung 
fields in addition to enlarged right bronchopulmonary nodes (Fig. 6-A). Two 
weeks prior to transfer to Bellevue he had developed a pleural effusion on the right 
side which was subsiding at the time of admission. Within the first month at 
Bellevue he developed a left sided pleural effusion and following this, abdominal 
tenderness with marked enlargement of liver and spleen. Promizole was started 
on October 14, 1944 in dosage of 3 gms. daily. He vomited at intervals, was 



Fig. 6. (A) J. A., Case III, X-ray taken October 1944 before treatment 
showing left pleural effusion, enlarged right root and mottling of miliary size 
throughout both lungs. 

cyanotic and dyspneic, and lay constantly with his knees flexed. Promizole was 
discontinued after 23 days because the white blood cells were only 3,800 per cu.mm, 
but was begun again in 1 gm. dosage after an interval of a month and has been 
continued to date. The abdominal symptoms disappeared after one month but 
there was at the same time an increase in the mottling on x-ray. In addition, 
culture of the urine on December 5, 1944 showed tubercle bacilli after microscopic 
examination of urine constantly showed a few white blood cells. The positive 
urine cultures continued for ten months although retrograde pyelograms were 



68 


“'=»”S-S '>«*« “ ^ 

6-5(3 Aave ^aviW h"" l94sl''^.^t this 


i-* e sT“'”'->coSr“ 







”£4h44’^«'m. X, '' . 

.^"“"aged 6 ' '”°41ifc“^“''44d'S ‘'■«<- 

tufaerci,; • ^ l ^^^^atoeer, ® ^^0^ 

- 4 "p-paC--^ 

■ ^^^adingof 



MILIARY TUBERCULOSIS TREATED WITH PROMIZOLE 


69 


both apices appeared in March 1945 and a pleurisy with a small effusion on the 
right in December 1945. Mottling of miliary size was first definitely seen in 
March 1946. In April a choroiditis w'as first noted. By June the mottling in the 



Fig. 6. (C) J, A., Case III. X-ray taken in 1946 showing calcifications within 
enlarged spleen. 

lung fields had become very marked (Fig. 7-A). Physical examination at this 
time revealed a poorly nourished girl with dullness and diminished breath sounds 
at left base posteriorly. For the first time moist post tussic rales were heard over 
both apices. Liver and spleen were not palpable, there was enlargement of super- 
ficial lymph nodes. Promizole was started on June 22, 1946 and the dose increased 
to 4 gms. daily. The patient continued to receive this amount of the drug with 
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DISCUSSION 


All the evidence we have gathered tends to show that promizole 
acts slowly in the child and that its eflfect on tuberculosis of hematogen- 
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Fig. 7. (B) F. S., Case IV. X-ray after six months of promizole therapy (Dec. 
1946) showing marked diminution in extent of miliary tuberculosis. 

ous origin is slower than the results reported of antibiotics such as 
streptomycin. In the four cases where we have roentgen evidence of 
complete clearing of miliary tuberculosis, the mottling did not begin 
to diminish until ten to eighteen weeks after promizole was first ad- 
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is obvious that we can not hope to arrest all cases of miliary tubercu- 
losis with promizole. Chronic miliary tuberculosis lasting more than 
three months apparently has a better prognosis than the acute forms. 
Hoyle and Veazey (12) reported that 25% of individuals, usually 
adolescents or young adults, with chronic miliary tuberculosis go on 
to arrest of their disease. VanCreveld and Huet (13) reported 13 cases 
of recovery from chronic miliary tuberculosis during an observation 
period of 16 years. While we have never seen spontaneous recovery 
from miliary tuberculosis in children even where the disease became 
chronic both Engel and Wallgren have reported instances of recovery. 
We may speculate that an individual with miliary tuberculosis who 
survives the usual duration of three months shows more natural 
resistance. 

The first five cases of acute generalized miliary tuberculosis treated 
for more than a month were consecutive cases. _ It is suggestive that 
the two cases who died were diagnosed only three weeks and one month 
before treatment was begun, whereas two of the three cases who have 
ultimately shown complete roentgen clearing had been diagnosed Sf 
to 4^ months before treatment was initiated. 

Our group of cases is small but in view of our past experience with 
miliary tuberculosis we feel that the evidence is striking that promizole 
may have a favorable action in suitable cases of miliary tuberculosis. 
In our next group of cases we plan to combine promizole with strepto- 
mycin in the treatment of miliary tuberculosis. Thus we hope to 
avail ourselves temporarily of the rapid action of streptomycin and 
then continue the treatment with promizole which has the great ad- 
vantage of ease of administration, relative lack of toxicity and which 
can apparently be given safely and effectively over a period of years. 

SUMMARY 

Promizole has been used in the treatment of miliary tuberculosis in 
children. Five consecutive cases of acute generalized miliary tubercu- 
losis were apparently adequately treated with promizole. 

Of these, two children died 43 days and 4| months after therapy 
was begun. 

Three children showed complete recession of roentgen evidence of 
miliary tuberculosis and are alive 30 to 33 months after promizole was 
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In general, the format of the book is good. The printing is clear and the manu- 
script is well bound. The roentgenograph ic reproductions also are somewhat 
better than average, although, in a number of instances, theTeproductions do not 
present the opacities in the same relationship as the}'- wete in the original films. 
However, in spite of its shortcomings, this work should be found valuable 
by students of diagnostic roentgenology and, in particular, by physicians who 
wish to have at hand a generall}'- complete treatise on the various phases of diag- 
nostic roentgenology. 

R. H. M. 

Curare, Its History, Nature, and Clinical Use. By A. R. McIntyre. Ulus. 240 
pp. $5.00. The University of Chicago Press, Chicago, Illinois, 1947. 

This monograph, b}' an author long active in investigation of the properties of 
curare, furnishes a most useful compilation of scattered information which has been 
gathered since Claude Bernard first described accurately the action of curare. 
The first chapters are devoted to a scholarly review of accounts of early explorers of 
the South American continent, regarding observations on the sources, preparation, 
and use of curare by the native Indians. Then there is a full section on the 
botanical characteristics of the various curariform plants. The remainder is 
devoted to the functional inter-relationships of curare, curarising and decurarising 
agents, and the host of substances which affect neuromuscular function. This 
section of the monograph cites almost all of the observations of many investi- 
gators; however, no clear principles of function result. Perhaps, owing to the 
fragmentary nature of our knowledge of underlying mechanisms in this field, no 
clearer analysis is possible at this time. 

J. L. L., Jr. 

Dynamic Aspects of Biochemistry. By Ernest Baldwin. Ulus. 457 pp. 21s. 
net. Universit}' Press, Combridge, England, 1947. 

Here is the type of biochemistry book of which more are needed. Many 
scientific workers in various fields seek an exposition of biochemistry which does 
not emphasize the more or less straight-forward, general, textbook background on 
the one hand, nor delves deeply and exclusively into one narrow field on the other. 
Rather there is wanted a broad discussion of the more fluid and detailed aspects 
of a number of biochemical subjects integrated into the outlines of biology as a 
whole. This book is a big contribution in this direction. 

Under the general heading of “Enz 3 ’-mes”, there are taken up as successive 
chapters, “The General Behaviour and Properties of Enzymes”, “The Nature of 
the Catalytic Process”, “Hydrolases and Phosphorylases”, “Oxidizing Enzymes”, 
and “Other Enzymes”. Under the general heading of “Metabolism”, the author 
discusses, “Methods Employed in the Investigation of Intermediary Metabolism”, 
“Food, Digestion and Absorption”, “General Metabolism of Proteins and Amino- 
Acids”, “Special Metabolism of the Amino-Acids”, “Excretory Metabolism of 
Proteins and Amino-Acids”, “Some Special Aspects of Nitrogen Metabolism , 
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but also the role of nonoperative therapy in many gynecological disorders. The 
indications and methods of irradiation therapy are also well presented. In general, 
therefore, after reading this book carefully from cover to cover, this reviewer closes 
it with appreciation of its excellence and feels certain that it will find wide ac- 
ceptance. 

L. R. W. 


Parenieral Alimentation in Surgery, By Robert Elman. 267 pp. §4.50* 
Paul B. Hoeber, Inc., New York, New York, 1947. 

This volume, which represents a full length presentation of the entire problem, 
was originally awarded the quinquennial Samuel D. Gross prize of the Philadelphia 
Academy of Surgery. It is a monograph of 267 pages carefully and simply written, 
carrying tables, figures, and references which serve to amplify well the text. 
While much of the basic material is known to all who have kept abreast of ad- 
vances in parenteral therapy, the reader is easily led into the more technical 
aspects as each chapter unfolds its own special subject matter. A consideration 
of water and electrolyte needs, of caloric needs, and vitamin needs precedes the 
more-emphasized consideration of protein needs. The author, a well recognized 
authority, then discusses plasma and whole blood transfusions, pure amino-acids 
vs. hydrolyzed protein and the many related problems of their preparation and use. 
Finally, a practical program for parenteral alimentation is offered. Dealing 
effectively and simply with one of the frontiers of clinical surgery, this volume 
represents a source of well compiled information to which clinicians and investi- 
gators should frequently turn. 


S. McL. 
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solutions of inorganic salts, etc. Among the second group that are 
damaging in low concentrations are heavy metal ions, oxidizing agents 
including quinones, and alkylating agents. A possible common 
point of attack of this latter group are the suHhydryl groups of the 
tissue. A ketobinder such as semicarbazide was tolerated by the 
tissues in considerably higher concentration than were the sulfhydryl 
attackers. The same is true of agents such as KCNO and formahn 
which' react with amino groups. 

While these results suggest that the war gases capable of damaging 
the cornea in very small doses may operate through an attack on the 
tissue sulfhydryl groups, the implication is by no means strong. 
In one sense these experiments were disappointing. No general dis- 
tinctions could be foimd either in respect to the clinical or histo- 
logical course of the lesion which could be related to the postulated 
mode of chemical attack of the injurious agent. Individual agents 
exhibited minor differences in the spreading of their effect, or the 
intensity of the purulent reaction which they elicited, but there were 
no systematic differences found between the effects of sidfhydryl 
binders such as arsenite, ketobinders such as semicarbazide, and 
amine binders such as formahn, or even between these groups and 
such imique agents as fluoride, quinine, cyanide, and the like. Even 
the effect of beta radiation, though remarkable for its long incubation 
period, is not grossly distinguishable from that of the various chemical 
agents. It is to be concluded that the clinicaUy and histologicaUy 
recognizable changes which foUow chemical damage of the tissue are 
only remotely and indirectly connected with the initial chemical 
injury. Consequently, observations on these remotely connected 
events throw no light on the nature of the initial chemical injury. 

This was perhaps to have been anticipated, for the clinical and 
histolgical reactions disclosed by routine study are, in the main, 
the consequences of cellular death. Once the cells are dead the 
reactions have a monotonous imiformity. This does not preclude 
the possibility that a study of the mode of death woifld be equally 
unilluminating, but such a study was beyond the scope of the routine 
examinations that were pursued in this phase of our investigation. 

In spite of this disappointment these studies were not without value. 
They gave us a broadly based knowledge of the general course of 
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the secondary infection varies widely from one laboratory to another, 
and that more striking benefit from antibacterial agents is obtainable 
if the initial inj ury by the war gases is relatively mild. It was concluded 
that the results of studies on laboratory animals did not afford a valid 
basis for predicting how important secondary infections might be in 
humans, but that under proper precautions the antibacterial agents 
could be administered without danger of increasing the injury. 

IV. Antidotes. 1) BAL (British Anti-Lewisite). The remarkable 
achievement of the British investigators, Peters, Stocken, and Thomp- 
son (8) in the synthesis of this compound and the demonstration of 
its anti-arsenical action placed the whole subject of the immediate 
treatment of war gas injuries in a new and different perspective. 
When this material first became available in this country, our labora- 
tory, among others, was requested to study it. The matter appeared 
at the time to be one of great urgency and was pushed with the maxi- 
mum possible speed. Using rabbits as the experimental animals, 
Dr. Hughes (5), who undertook this study, was able to work out 
the dosage of BAL tolerated by the eye, the effect of previous ad- 
ministration of lewisite on this tolerance, the therapeutic ratio of 
BAL, the influence of the time interval between exposure to lewisite 
and the administration of the antidote, the relative efficacy of the 
antidote against vapor and splash bums, etc. An effective ointment 
base was devised in which the antidote could be incorporated.* These 
results were rapidly extended to experiments on monkeys and, in 
relation to the tolerance of the eye for BAL, on human volunteers, 
and contributed a substantial base for the subsequent working out 
of the BAL eye ointment by others. 

2) The Search for Antidotes against Mustard. The possibility 
of obtaining a completely effective detoxifying agent for mustard- 

*This ointment base was devised by Mr. Fuqua, pharmacist of the Johns 
Hopkins Hospital. Owing to security restrictions, it was not possible to tell him 
the nature of the material with which he was asked to work nor the purpose for 
which the ointment was being prepared. Nevertheless, with rare intuitive skill, 
Mr. Fuqua developed an effective ointment. The ointment base which he pre- 
pared has been frequently erroneously referred to as the “Friedenwald base.” 
The writer wishes to take this occasion for making it clear that he had nothing 
whatever to do with the preparation of this ointment. 
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To tMs end a screening test was devised in which mustard and the 
potential antidote were mixed in aqueous solution and immediately 
injected intradermally into rabbits. The same mixture was allowed 
to stand at room temperature for half an hour and then injected. 
Controls using mustard alone and the antidote alone were also injected. 
Initially lecithin was introduced into the injected mixture in the hope 
of imitating in this way the biphasic aqueous-lipoid arrangement of 
the tissues. Control experiments without lecithin showed that pres- 
ence of this substance did not alter the test. Substances which effec- 
tively protected the tissue against mustard in the presence of lecithin 
also did so in its absence. Substances which were ineffective with 
lecithin were ineffective without it. Nevertheless, the presence of 
lecithin in the mixture was of considerable practical advantage, for 
the mustard in lecithin aqueous emulsion maintains its potency much 
longer than in the absence of lecithin. Consequently, the time 
interval between preparing the mixture and its injection is less critical 
when lecithin is included. Substances insoluble or poorly soluble in 
water were dissolved when possible in ethyl alcohol and then intro- 
duced into the lecithin mustard water emulsion in such quantity that 
the total concentration of alcohol was non-irritating. Later, dimethyl 
formamide was found to be a satisfactory vehicle for some substances 
insoluble in both water and alcohol. Substances insoluble in water 
or ethyl alcohol were dissolved when possible in dimethyl formamide 
and then introduced into the lecithin mustard water emulsion in 
such quantity that the final concentration of dimethyl formamide 
was non-irritating. 

Several hundred substances of many chemical types were tested in 
this manner.^ Three groups were found which contained some 

* Some of these materials were available commercially. Others were supplied 
by Dr. Hellerman of the Department of Physiological Chemistry of the Johns 
Hopkins Medical School. A considerable number of biochemical substances 
were contributed by Merck and Co. Dr. Bergmann of the Rockefeller Institute 
contributed some materials especially prepared as possible antidotes for mustard. 
By far, the most important contribution of substances was supplied by the Chemi- 
cal Department, Experimental Station of the duPont de Nemours Co., under 
a contract arranged by the 9-1 Division of the NDRC for this purpose. The 
cooperation and suggestions of Dr. Lazier and later of Dr. Howk who conducted 
the synthetic work at the duPont Laboratories, and of Dr. Marvel and later of 
Dr. Adkins as chairman of the 9-1 Committee are deeply appreciated by us. 



88 




A2W 


C. 


'^S: raWu -■ ^OODs 

dithio.. 


"“““-ttJopienoi AnH,' S.NCSSW, 

« 2-5 dim,.- VSH of its 


ft) 


’"-Pft-ftio-diasofc, 


derivative 


Oi-iho- 


and 


analogues 


HS- 


-C I 
\ 


-Sir 


bustard ^Th°^^?^^^^^opletcont 

*'oftan„J dS,;„'7" “ombam 0^^“““°” ““staTr j®*'" ™ 

°P‘®aJ condiLr^’^^os proved ospeciap^^“‘'”''frogeo 

effect. Sc. close to effectivf ®nd 

®^^5stances 77n • disadvanf ^^®°^etica7/.r ^®dj under 

r aera" 

jions and the 0^1-^ ®ft»inister ‘''oops. ti.. these 

f fficuities. siv P-otagSv?'!® ““oentrate^f *"od 

Wenr ‘io effecl ‘ efe^^onnoas 

^^^naestheUzl7^^^^^ ®«d iachnlf^^”^^'®^® caus 
^^enefit onJv . E. ^ and acf,- ^ien ^ ^®^^ed 

■suontly seif trea^ ®*’“«tored uadf ‘^“‘' 

possible. Finali ^™' them ^ ®®Po«l anaestl !’®'“Poutic 

BAL in the "■^’ ‘'■oae subs 7 °“'<* f'o verv rf”m oonse- 

“'jM'Vs^ner^^^P^^aoP bei'? ?'“* 

t^o senaraf t^oue-hf r ^utuaiJv 

itsejA ^”^^’^ar-gas ev^ ^ ^^^aibJe to sunnJ. ^ ^^'^^“sive pH 

=°»e ProtS:f P?P‘^-aons,Sr““'’« ‘4s 

4*0^4° '^*44 

“•"■--.‘.-i-r.t'.T 



INTRODUCnON AOT OXJTLINE 


89 


antidote to mustard that was protective. This substance is, how- 
ever, quite toxic and its therapeutic index (minimal effective dose di- 
vided by minimal toxic dose) was very small. No mode of administer- 
ing this substance to the eye effective after droplet contamination with 
mustard was found. A derivative of this compoimd, 3 mercapto 4 
amino benzoic acid, and also its ethyl esther were found capable of 
some therapeutic benefit. These are, however, quite toxic and could 
be used only in low concentrations. Oxidation of these compounds 
and subsequent reduction by sulfhydryl containing substances resulted 
in an increase in their toxicity. It seemed possible that in such an 
e.xperiment derivatives of the original compound were being formed 
which had an increased tendency toward quinonoid o.xidation and 
that a similar course might explain the high toxicity of the original 
material in the tissue. Following the line of argument plans were 
formulated for the study of various N substituted derivatives of ortho- 
amino thiophenol. 

One such compoimd (ortho-mercapto-phenyl-methyl-urea) 


H 0 


I II 

-N— C— NHCHs was 
-SH 


prepared by the duPont laboratory. 


It proved to be so intensely auto-oxidizable that, in solution on ex- 
posure to air, it was rapidly converted into the corresponding di- 

r H 0 1 


sulfide 


/\ 


I II 

-N— CNHCH 3 
-S 


Skin tests with the disulfide showed 


it to be relatively non-toxic. Solutions of the disulfide were reduced 
by H:S and used with mustard in lecithin emulsion in the screening 
skin test. The compound was found to be about as effective against 
mustard as was 3 mercapto 4 amino-benzoic acid and also about as 
toxic as this previously tested substance. The nature of this toxicity 
was not further explored. 

(c) The compound 2,5 dimercapto-thiodiazole was itself extremely 
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penetrate into intracellular regions inaccessible to the anions of 
simple sulfhydryl acids. No studies have been made by which this 
hypothesis could be tested. 

V. Primary Site of Mustard Reaction. With threshold doses of 
mustard, the only change in, the comeal tissue that we have been 
able to recognize is a transitory inhibition of mitotic activity in 
the comeal epithelimn. It would be of interest, therefore, to know 
whether the primary site of reaction of mustard with the cell is in the 
cytoplasm or in the nucleus. The lipoid solubility of mustard and 
its unreactive nature in the absence of water suggests that the aqueous 
phase of the tissues immediately adjacent to lipoidal structures might 
be the site of greatest reactivity of mustard. 

(1) The electrical resistance of the cornea is not immediately 
affected by exposure to mustard. Some hours after exposure the 
resistance declines moderately (about 25%), and when the epithelium 
sloughs off it declines to zero. It may be concluded that the lipoidal 
phase of the cell membrane is not disrupted as the irmnediate result 
of the reaction of mustard vdth the tissue (see page 102). 

(2) The nuclei of the comeal stroma cells show increased fragility 
after exposure to mustard but this is not an immediate result of 
exposure to mustard (see page 161), 

(3) None the less it is evident that the comeal epithelial cells do 
not behave toward mustard as if they were homogeneous solutions. 
These cells in the beef eye contain considerable amounts of glutathione. 
If the comeal epithelium is scraped off from beef eyes, suspended in 
a small volume of salt solution and an amount of mustard added 
equimolar to the content of glutathione, no measurable decrease in 
the lltratable glutathione is observed (experimental error 5%). If, 
however, a similar preparation of epithelial cells is first ground with 
broken glass and then the same amount of mustard added to the result- 
ing emulsion, about 50% of the previously titrable glutathione dis- 
appears. It is e\ident that in the intact cell glutathione is relatively 
inaccessible to the mustard (see page 102). 

(4) After very heavy exposures to mustard vapor there is an in- 
creased eosinophilic staining of the comeal tissues. This increased 
capacity to bind acid dyes is apparently due to the formation of some 
new basic groups in the tissue as the result of its reaction with mustard. 
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any signs of irritation or tissue destruction. No evidence is available 
with which to decide whether the primary damage responsible for 
mitosis inhibition is due to a reaction of mustard with nuclear or 
cytoplasmic components. The healing of small wounds by migra- 
tory action of the cells is not disturbed during the period of mitosis 
inhibition. Recovery from the inhibition is associated vuth a full 
return to normal. The inhibition occurs at levels of dosage insufficient 
to produce any of the metabolic disturbances which we have so 
far discovered. 

(2) Nuclear Fragmentation. With doses of mustard somewhat 
greater than the minimum required to inhibit mitosis, but at thresh- 
olds still below the level of producing necrotizing lesions, some cells 
in the basal layer of the corneal epithelium show a form of karyorrhe.xis 
which we have called nuclear fragmentation. This peculiar mode of 
cellular death has been subjected to extensive study. 

Under ordinary experimental conditions only a small number of 
the cells in the basal layer of the comeal epithelium are susceptible 
to this type of injury, but after various pretreatments the number of 
susceptible cells can be greatly increased. It is concluded that sus- 
ceptibility to this type of injury is associated with some particular 
physiologic state of these cells though there are other tissues in which 
the cells are either uniformly susceptible or uniformly refractory to 
this type of injury. Evidence has been obtained which suggests that 
the susceptible state in the comeal epithelium is connected with 
the mitotic cycle, and that it may provisionally be identified as the 
pre-mitotic state, while the process of nuclear fragmentation itself 
may be provisionally identified as a pathological and incomplete form 
of mitosis. It thus appears that mustard and related substances can 
furnish important experimental tools for the study of mitosis. In 
this respect they deserve to take a place along with ultraviolet light 
and X-ray. Severe nuclear fragmentation, like mitosis inhibition, 
occurs at a dosage level which still fails to produce the metabolic 
disturbance noted below. 

(3) Nuclear Fragility. The mode of death of the cells of the comeal 
stroma after e,xposure to mustard differs radically from the mode of 
death of the epithelial cells. Nuclear fragmentation does not occur 
in the comeal corpuscles. On the contrary after moderately severe 
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is likely that this phenomenon is closely related to that of vesication 
in the skin. 

Exposure to mustard causes no immediate loss of cohesion, but on 
subsequent incubation the epithelium becomes loosened. The loosen- 
ing of the epithelium is not a consequence of the death of the epithelial 
cells, for small woimds in the epithelium heal normally even when 
the tissue has become loosened. The loosening of the epithelium 
does not occur on anaerobic incubation, and some recovery from this 
toxic effect of mustard is achieved by the tissue during anaerobiosis. 
It is evident that the pathologic process caused by mustard which 
leads to the loosening entails an oxidative step. Reduced tempera- 
ture also slows down or prevents the development of the loosening, 
and some recovery from the injury takes place during incubation at 
the lower temperature. 

Nuclear fragmentation is also inhibited by anoxia and by lowered 
temperature, but the temperature coefficients of the two pathological 
processes are not identical. Under proper experimental conditions 
either loosening or nuclear fragmentation can be produced alone. 
This rules out the possiblity that the loosening is the result of the 
accumulation in the tissue of toxic products derived from the autolysis 
of cells that are undergoing nuclear fragmentation. 

VIII. Sludics on Corneal Metabolism. Work in this field was con- 
ducted by Dr. Herrmann. In principle there are three modes of 
studying the effect of a poison on tissue metabolism. In the first 
place one may isolate various enzymes from the tissue and study their 
sensitivity to inactivation by the toxic agent. This mode of study 
has been widely pursued by others and has added much to our knowl- 
edge of the reaction of mustard with proteins in general, but has 
thrown little light on any possibly crucial enzymes upon the inhibition 
of which the pathological effects of mustard injury may be supposed 
to depend. We have not undertaken work in this field, since it was 
well covered by others. Furthermore there are some apriori objec- 
tions to this mode of attack in relation to the specific objectives of 
our study. The known enzymes constitute only a fraction, possibly 
only a small fraction, of all those necessary for cellular activity. 
Even if an enzjTne exquisitely sensitive to inhibition by mustard 
could be found the question would still remain open as to whether 
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been possible, so far, to specify precisely in what respects the oxidative 
processes arc abnormal. The available evidence is discussed in detail 
in the papers by Dr. Herrmann, and in the final summary (page 326). 

A prominent feature of comeal metabolism revealed in this work is 
the metabolic interaction between epithelium and stroma. The epi- 
thelium was found to have a carbohydrate metabolizing system similar 
to that of many other tissues involving a cyanid sensitive oxygen 
acceptor, hexose phosphoiydation and cleavage. The stroma has no 
measurable oxygen uptake but can consume glucose at a rate per cell 
twice that of the epithelium. Part of the glucose utilized can be 
recovered as lactate but the tissue has no power of utilizing lactate. 
In the isolated cornea the lactate produced by the stroma is consumed 
by the epithelimn, in spite of the fact that the concentration of lac- 
tate is generally higher in the epithelium than in the stroma. Con- 
clusive proof that lactate is actively transferred from stroma to epi- 
thelium is lacking, but the utilization of the stroma lactate by the 
epithelium is completely inhibited by mustard poisoning. Similar 
results were obtained with serine which is also utilized by the epithelium 
but not by the stroma. 

It is to be emphasized that the interference by mustard in the 
intercellular metabolism is not all embracing. Pyruvate injected 
into the stroma is utilized at a normal rate after mustard poisoning. 
Glucose utilization is also not inhibited. Nor is interference with 
the intercellular metabolism the sole result of mustard injury. Quite 
ob\nously, the tissues even if mechanically separated from one another 
arc susceptible to injur)’^ from mustard. We wish merely to point out 
that one of the aspects of mustard injury is a disturbance in the inter- 
cellular metabolism of the cornea and that mustard furnishes a power- 
ful tool for the stud)"^ of this hitherto poorly explored field of tissue 
metabolism. 

In one large field our attempt to study corneal metabolism met with 
complete failure. It was hoped that by using nitrogenous metab- 
olites containing we would be able to study the course of syn- 
thetic actixities in the tissue. A mass spectrograph was placed at 
our disposal by the Department of Chemistiv' of the Johns Hopkins 
University for this purpose and considerable funds were used in an 
effort to adapt this instrument to our purposes. Unfortunately, 
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extremely useful in dividing up the domain of study, in arranging 
mutual checks in respect to special experiments, in occasional direct 
collaboration, and particularly in formulating the conclusions of the 
various studies in terms of draft directives for use by the armed forces. 


TABLE 1 


KAUE 

FULL 

OS 

FAtr 

ma: 

UlVCTTt OF 
finivicx 

TITLE 

CBIEF FTEID Of ACmTTV 

I. Dr. Alsn C. Woods 


1I/1/4I-12/31/4S 

Responsible inves- 
tigator 

In charge of administration. 

2. Dr. Jonas S. Fried- 
cnwald 


1I/1/41-12/3I/4S 

Responsible inves- 
tigator 

In charge of research. 

3. Dr. Roy 0. Scholz 

Full 

4/1/42-7/I/4S 

Ophthalmologist 

Pathology and treatment of 
mustard bums. 

4. Dr. Wra. F, Hushes, 

Full 

4/1/42-7/1/43 

Opbtbabnologist 

Pathology and treatment of 

Jr. 

1 

7/1/44-12/31/45 


Lewisite bums. 

5. Dr. Albert Snell, Jr. 

{ 

9/1/43-10/1/44 

Ophthalmologist 

Screening test for mustard 
antidotes. 

6, Dr. Alfred E. Mau- 

mcnce 

Full 

4/1/43-5/1/44 

Opbtbalisologist 

Pathology and treatment of 
nitrogen mustard. 

7. Dr. Jack S. Guyton 

Fart 

1/1/43-1/1/44 

Ophthalmologist 

Secondary infections. 

S. Dr. Wilhelm 

BuKhke 

Part 

j 

1/1/43-12/31/45 

Ophthalmologist 

Effect of mustard on the mitotic 

1 activity and nuclear frag- 
mentation in the comeai 
epithelium. 

9. Dr. Heinz Hertmaiin 

Full 

7/1/42-12/31/45 

Chemist 

Effect of mustard on corneal 
metabolism: loosening of the 
comeal pithellum. 

10. Dr. Saniucl A. Tal- 
bot 

Half 

7/1/43-7/1/45 

Physicist 

Mass spectrograph for N** es- 
timations. 

11. Dr. Leslie Heller- 

Part 

7/1/42-12/31/45 

Chemical consultant 

Consultant. 

man 





12. Mr. Ulric A. Presla 

Part 

7/1/43-10/1/43 

Chemist 

Assistant to Dr. Hellennin. 

13. Dr. Marianna R. 

Part 

10/1/43-1/1/44 

Chemist 

Assistant to Dr. Hellerman. 

Borarinch 





H. Dr. Earl L. Burky 

Part 

4/1/42-4/1/43 

Bactcriologlal 

Secondary infections. 

IS. Fay H. Hickman 

Full 

4/1/42-10/1/44 

Technician 

Assistant to Dr. Herrmann. 

16. Jane E. Crowell 

Full 

6/15/43-7/1/45 

Technician 

Assistant to Dr. Friedcnwald 
and Dr. Buschke. 

17. Dorothy Breeskin 

Full 

7/1/45-12/31/45 

Technldan 

Assistant to Dr. Fricdeawild 
and Dr. Buschhe. 

18. Sylvia G. Moses 

Full 

8/1/43-7/1/45 

Technician 

Assistant to Dr. Herrmann. 

19. Grace Futeber 

Half 

7/1/43-12/1/43 

Tccinicitn 

Assistant to Dr. Talbot. 

30. Nathalie Weissall 

Half 

11/1/43-7/1/45 

Technician 

Assistant to Dr. Talbot. 


The c.\changc of ideas betwxen the various groups proved mutually 
stimulating. 

3) Committee on Physiological Mechanisms of NDRC. The close 
relation between our work and that of the Committee on Pln-sio- 
logical Mechanism of the NDRC was recognized early and arrange- 
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in a single issue and for presenting the outline of the work in this 
introductory chapter, are that we hoped in this way to point out the 
interrelations, however tenuous, between the different parts of the 
investigation. The mutual fertilization involved in this coordinated 
effort was the factor chiefly responsible in enabling us to open up 
several new fields of experimental study. 
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the bottom of the bottle being covered by a layer of liquid mustard. 
Dosage was varied by varying the time of exposure. This technique 
was, in general, used for exposure of enucleated beef eyes. In other 
experiments the eyes were placed over the mouth of a similar cylin- 
drical vessel to which a small bore glass tube was attached as a side 
arm (see Fig. 1). A slender wooden stick (swab stick) was inserted 
through the tube and a small piece of filter paper inserted in the end of 
the stick within the vessel. Mustard was placed not only on the floor 
of the vessel but also on the filter paper. By rotating the stick a 
fanning action of the filter paper could be produced and the air in the 
chamber kept saturated with mustard vapor. The vessel was pro- 



Fig. 1. Chamber for Exposure of Corneas to Saturated Mustard Vapor 

vided with a double wall through which water could be circulated to 
keep the temperature constant. Dosage could be controlled either 
by varying the time or the temperature of exposure. 

It was desirable to find out how much mustard entered the cornea 
per minute with these types of exposure. Experiments were per- 
formed in which circular buttons of beef cornea, of known area, cut 
with a cork borer were placed on the under surface of the glass stopper 
or shallow vessels (2.0 cm. deep) of the first type (i.e. without the fan). 
After exposures of varying periods the buttons were removed and 
immediately immersed in isopropyl alcohol for 20 minutes, during 
which time they were ground and pressed intermittently. Further 
extraction did not increase the recovery significantly. At the con- 
clusion of the period of extraction, a 2.5 ml. portion of the isopropyl 
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controls. After exposure, the treated and control corneas were incu- 
bated for one hour and then extracted with sulfosalicylic acid. No 
significant difference in glutathione content was noted between the 
treated and control samples, though both showed less glutathione 
than fresh unincubated specimens. 

2) Beef eyes of uniform size were selected for each experiment, and 
the epithelial scrapings of 4-5 corneas pooled for each sample. This 
amount of tissue contained about 0.6 mg. glutathione. The scrapings 
were ground in a mortar and suspended in 4.9 ml. Ringer’s phosphate 
solution, and 0.1 ml. of a solution of mustard in alcohol containing 2 

TABLE II 


Recovery of Glutatkione from Stespensions of Corneal Epithelium in Ringer’s Phosphate 
Exposed to 2 Mg. Mustard for 30 Minutes 


CONTROLS 

GLUTATHIONE 

ALONE 

TISSUE SUSPENSION 

TISSUE SUSPENSION 
+ 2 MG. MUSTARD 

TISSUE SUSPENSION 
+ GLUTATHIONE 

TISSUE SUSPENSION 
+ GLUTAimONE 
+ 2 UG. UOSTABD 

Milligrams Glutathione Recovered 

Complete recovery 

0.48 

0.48 

difference no 

0.40 

0.43 

it significant 

3.7 

3.0 

3.0 

3.0 

3.0 

Av. difference 

2.0 

1.75 

1.6 

1.85 

1.7 

i = 1.36 mg. 
or 

45.3% 


mg, mustard was added. In some cases 2 mg. glutathione was also 
added. Samples and controls without added mustard were allowed 
to stand for 30 minutes at room temperature, when precipitated with 
sulfosalicylic acid. A slight, but not significant, disappearance of 
glutathione was noted in the epithelial cell emulsions treated with 
mustard, though when glutathione had been added there was marked 
diminution on exposure to mustard. 

3) Similar samples of corneal epithelium were next groimd in a 
tissue grinder with broken glass, suspended in Ringer’s phosphate 
solution, and then treated with 2 mg. mustard. The results in these 
experiments showed a significant drop in titratable glutathione. 
Some of these samples were frozen immediately after scraping, thawed 
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accessible to reaction with mustard. This might be due to the 
presence of strongly competing factors in the tissue, but this is xmlikely 
because mere grinding of the cells removes this protection. A second 
possible explanation is that the glutathione is protected by having its 
sulfhydryl group blocked through some reversible chemical association 
in the tissue. This is also unlikely since grinding of the tissue would 
not be expected to reverse such an association. A third possibihty, 
and one which appears most likely, is that the glutathione normally 
resides in a region within the cells to which mustard has poor access. 
This conclusion is the more remarkable when considered in relation to 
the fact to be shown in subsequent papers of this series, that with the 
doses of mustard used in these experiments many cellular processes 
are inhibited 100%. One must conclude that cellular components 
concerned in these inhibited processes either compete for mustard 
much more intensely than does glutathione or that they lie in regions 
much more accessible to mustard. The latter would appear the 
more likely. 

m. ELECTRICAL RESISTANCE OF THE CORNEA 

The experiments reported in the previous section strongly suggest 
that mustard does not distribute itself homogeneously throughout 
the affected cells but may, on the contrary, present itself in much 
higher concentrations in some intracellular regions than in others. 
Since mustard is much more lipoid soluble than water soluble it may 
be supposed that the initial distribution of the agent would occur 
through solution in the hpoid components of the cells. Moreover, 
mustard does not become reactive imtil activated by water. Conse- 
quently, those cellular components adjacent to lipoidal structures 
might be expected to receive the heaAuest dose of the agent. These 
considerations are supported by the fact that the rate of disappearance 
of free mustard in tissue is considerably slower than in homogeneous 
aqueous solutions and is similarly retarded in aqueous emulsions of 
lipoids such as lecithin. 

In view of these possibilities it appeared' desirable to determine 
whether the primary reaction of mustard with the cornea was associ- 
ated with any demonstrable change in the cell membrane. The elec- 
trical resistance of the cornea depends on the impermeability of the 
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or more the electrical resistance dropped markedly. If the eyes were 
allowed to dry at room temperature the resistance rose markedly. 
This was not due simply to the presence or absence of a surface film 
since a partially dried cornea maintained its high resistance even if 
the surface was washed with saline immediately before the measure- 
ment. In the experiments reported below this variation was largely 
eliminated by placing the treated and control eyes together in closed 
moist chambers with the eyes resting on filter paper soaked m physio- 
logic saline solution. Under these circumstances the resistance in 
the control eyes was stable for an hour or two and then slowly fell. 
When two eyes of the same animal were compared the resistance 
was found to be similar (within 30%). In different animals the 
resistance varied from 100,000 to 500,000 ohms per square millimeter. 

Rats’ eyes were exposed to mustard vapor either in vivo, or supra- 
vitally by suspending freshly enucleated eyes in a chamber saturated 
with mustard vapor. Exposures were varied up to levels sufficient 
to produce lesions of maximal severity. For comparison other eyes 
were exposed to iodoacetate, fluoride, cyanide, and ultraviolet light. 
Resistance was measured before and immediately after exposure to 
mustard and to these various other agents, and in no case was any 
consistent change in resistance noted different from that found in 
control eyes exposed to solutions or chambers free from toxic agents. 
On incubation in moist chambers the resistance of both control and 
treated eyes slowly declined for several hours. WTien the epithelium 
began to become loosened after several hours of incubation following 
exposure to mustard, fluoride, iodoacetate, and ultraviolet light (but 
not after cyanide) the resistance dropped sharply, and when the epi- 
thelium sloughed off the resistance dropped to minimal levels. 

It is concluded that exposure to mustard does not result in any 
primary injury to the comeal epithelial cell membrane detectable by 
measurements of the electrical resistance of the tissue. The conclu- 
sion that the cell membrane is not a primary site of mustard injury 
was supported by the results of experiments on red blood cells per- 
formed in collaboration with Dr. Wintrobe. Neither the fra^ty nor 
the sedimentation rate of red blood cells was altered on exposure to 
mustard in doses as high as 0.1 mg. per ml. Furthermore, Adrian 
(5) has reported that action currents in nerve fibers exposed to mus- 
tard remain normal. 
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solution covered by a cover slip. Estimate of the intensity of the 
staining was made with the aid of a simply constructed colorimeter 
attached to a microscope. 

This apparatus was constructed with standard microscope lamps, 
microscope, camera lucida, a rack and pinion, Incite wedge containing 
solutions of dye, and a slit and focusing lens. The optical system is 
shown in Fig. 4. A square diaphragm was inserted in the ocular focal 



Fig. 4. Optical System of Microscope-Colorimeter 
Inset shows field as seen through microscope ocular. 


plane of the microscope so that only a few cells could be viewed at a 
time. The camera lucida prism was arranged so that the image of the 
illuminated rectangular slit could be focused immediately adjacent 
to the square aperture filled with the images of the cells being studied. 
The intensity of color in this rectangle could be varied by moving 
the wedge up and down behind the slit. An arbitrary scale was placed 
on the rack and pinion so that a numerical value could be given each 
reading. 

Before each set of readings a region of the microscopic slide prepara- 
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Fig. 6. Staining Intensity with ,008% Phxo.xine after One Hour E.nposure 
TO Saturated Mustard ^^APOR 


tissue to the pH regions at which the sulfhydrjd groups of proteins 
might be e.\'pected to dissociate. 
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indicates that in the reaction of mustard with tissue either new basic 
groups are formed or acid groups are suppressed. If carboxyl groups 
in appreciable numbers were suppressed, some decrease in the baso- 
philia of the tissue should have been noted at pH below 6 but this 
was not the case. Reaction of mustard with sulfhydryl groups would, 
of course, diminish the number of these groups capable of dissociating 
to form anionic side chains at pH 8 and above. However, the in- 
creased acidophilia is already apparent well below the dissociation 
point of the common sulfhydryls of the tissues. Furthermore the 
increased acidophilia is also seen in Zenker fixed tissues. It is most 
doubtful that any sulfhydryl groups survive in the reduced state after 
Zenker fixation and the subsequent washing in Lugol’s solution which 

TABLE V 

Iniensity of Pliloxine Stain in Epithelium Treated with KCNO and Controls 


Corneas e.xposed to saturated mustard vapor for 20 minutes at 22°C. Sections im- 
mersed in 5% KCNO at pH 7.0 for 24 hours before staining. 



pH 6.0 

pH 7.0 


1.4 

1.1 

1 5 

2. Control, treated with KCNO 

1.1 

F,Ypo<;ed^ no KCNO 

1 ^ ^ 

1.6 

4. Control, no KCNO 

1 





is necessary to remove the precipitated mercury. Consequently, the 
increased acidophilia of the tissue cannot be attributed to the sup- 
pression of SH'acid dissociation. 

Furthermore, the persistance of the increased acidophilia after 
cyanate treatment indicates that the basic groups involved are not 
primar}^ nor secondary amines, and its persistance at high pH indi- 
cates that the basic groups involved are relatively strong bases. These 
considerations lead to the suggestion that the change in the staining 
reactions of the tissue may be due to the formation of alkyl-sulphon- 
ium groups in the tissue in its reaction with mustard. 

With the staining technique used control tissues take up consider- 
able amounts of dj’-e, and a difference between mustard treated tissues 
and contols could be observed only after massive e.xposures to mustard. 
With these massive doses no special intracellular locations of enhanced 
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cells in the conjunctival epithelium become pycnotic and loosened 
from adjacent cells, and slough off (Fig. l). As this processcontinues 
large areas become denuded of epithelium. Regeneration of the 
epithelium begins on about the 3rd or 4th day and is similar to that 
seen in the corneal epithelium. At first there is a single laj’er of ir- 
regular large flat cells which migrate into the denuded area, usually 
arising from crypts or folds that have escaped injury (Fig. 2). During 
the following week, the epithelium assumes a normal multi-layered 
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Fig. 2. HN2HC1; 3 days. H&E.; 67x. Regeneration of conjunctival 
epithelium. 

appearance with goblet cells. Even after this occurs, inflammatory 
cells can be seen passing through the epithelium if the reaction is 
severe. 

Connective Tissue: The first obser\"able effect of the local applica- 
tions of these agents is a dilatation of the conjunctival vessels. Edema 
of the conjunctiva is seen in all cases' by the end of 15 minutes and 
becomes steadily more prominent during the first 24 hours. This 
edema is slightly more noticeable in the early stages after nitrogen 
mustards than after®sulfur mustard. Tr^-pan blue injected intra- 
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more fibrous than normal as the acute reaction subsides. Formation 
of granulation tissue is extremely rare and extensive symblepharon is 
never found. Occasional!}" areas devoid of vessels or cells, correspond- 
ing to the clinically obsen^ed “pearly white” lesions in the conjunctiva, 
are seen. These lesions are seen as early as the first week after injury 
and such regions may remain devoid of cells for as long as two years. 
In the later specimens there is an overgrowth of capillaries in the 
tissue adjacent to these acellular areas. Larger vessels grow across 



Fig. 4. H&E; 670 X. Normal corneal epithelium. 

the damaged tissue causing the “marbled” appearance of the con- 
junctiva. 

There is usualh" slight damage to the nictitating membrane except 
for necrosis of the epithelium on the surface next to the globe. The 
large glands on the external surface occasionally lose their mucus and 
sometimes show squamous metaplasia. The cartilage of the nictitat- 
ing membrane shows very little change. 

Cornea: Epillielium: The sequence of pathological changes in the 
corneal epithelium following c.xposure to the mustard agents differs 
somewhat from that in the conjunctiva. Furthermore, the reaction 
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IS slower in the corneal epithelium and because of this the various 
steps in the process can be followed in greater detail. The epithelial 
layer becomes loosened from the stroma a few hours after the injury at 
a time when many of the cells do not appear histologically to he dead. 
The time of appearance of the first histological evidence of injury 
to the cells and the subsequent changes that occur are about the same 
for all four agents studied. 



' ■ ■ ' - .. ■ ' 

Fig. 5. HN3; 1 hr. H&E; 670 X. Migration of basal nuclei of corneal epi- 
thelium with cystic changes in basal cells. 

The first evidence of damage appears about 10 minutes after a burn. 
The nuclei of the basal columnar cells move from their normal posi- 
tion at the base of the ceil to the more central portion of the cell. 
At the same time vacuoles appear in the cytoplasm near the nuclei 
in some cells, while in others the basal portion of the cytoplasm stains 
less intensely than normally, suggesting an imbibition of water (Fig. 5). 
The nuclei of the superficial cells, which are normally flat and take a 
dense homogeneous stain, become swollen so that they are oval, more 
lightly stained and appear granular. Shortly after this the nuclei of 
the basal cells begin to swell so that they no longer lie in a straight line 
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but overlap one another in the sections (Fig. 6). In some specimens 
about 2 hours after a mild injury scattered nuclei in the basal layers 
of the epithelium begin to show changes which have been described 
as fragmentation, and which are discussed in greater detail in one of 
the succeeding papers (3) . The nuclear chromatin first forms intensely 
stained irregular masses within the nucleus. The nuclear membrane 
then disappears and the chromatin fragments are dispersed throughout 



Fig. 6. HN3HC1; 12 hrs. H&E; 670x. Swelling of nuclei in corneal epi- 
thelium. 

the cell (Fig. 7). Twenty-four hours after a more severe injury a 
larger number of pycnotic cells can be seen scattered through the 
epithelium. This is true for injuries by vapor and by the aqueous 
solutions of nitrogen mustard HCl salts. A slight difference has been 
noted, however, in eyes injured by a droplet of liquid mustard. In 
these eyes, a localized area of uniformly pycnotic cells can be seen 
where the droplet rested (Fig. 8). The adjacent epithelial cells show 
the changes that have been described above. 

After the first 4 hours, the epithelium begins to become detached 
from the stroma. The line of separation between the epithelial cells 
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[ ,"Fig. 7. Mustard vapor; 4 hrs. H&E; 670X. Epithelial nuclear fragmen- 
tation. 



f ar ar . , . 

Fig. 8. Mustard Splash; 12 hrs. H&E; 670X. Pycnotic cells in area of 
splash exposure. 
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and the stroma occurs either between the epithelial cell membrane 
and the stroma or just inside of the cell membrane, leaving the basal 
part of the cell attached to the stroma (Fig. 9). The detachments 
vary from eye to eye but in general become more marked until 24 to 
36 hours at which time most of the epithelium has sloughed off. The 
phenomenon of epithelial loosening is discussed in greater detail in 
some of the succeeding papers (4). 



Fig. 9. HN3; 8 hrs. H&E; 670 X. Separation of epithelium from stroma. 


The time of regeneration of the corneal epithelium varies according 
to the severity of the injury. The cells are probably derived from 
two sources: (1) migration of the remaining corneal epithelial cells, 
and (2) a sliding of the limbal conjunctival epithelium over the cornea. 
The latter type of repair was first described by Mann and Pullinger 
(Ig) and is frequently seen in mild injuries. Between 24-48 hours the 
pigmented cells of the limbus begin to move en mass across the cornea 
forming a grossly visible line (Fig. 10). Frequently epithelium of 
conjunctival type mth goblet cells can be seen on histological ex- 
amination between this line and the limbus for a few days. These 
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Fig. 10. Mustard Splash; 4 days. H&E; 120 X- Migration of pigment line. 
4 mm. from limbus. 



Fig. 11. HN3; 4 days. H&E; 670x. Regeneration of corneal epithelium. 
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cells later may be transformed into normal corneal epithelium or dis- 
placed by regenerating corneal epithelium, and the pigment line dis- 
appears from the cornea in a few weeks. In the more severe injuries 
epithelial regeneration begins on the third or fourth day by a migra- 
tion of a single or double layer of cells. These cells are large, flat, 
take a pale stain, and have gaps in their cytoplasm and between 
the cells. The gaps are probably artifacts due to fixation, but they 
show that the cells do not have their normal consistency (Fig. 11) 



Fig. 12. Mustard Splash; 6 mos. H&E; 150X. Loss of epithelium over 
heavily scarred and infiltrated corneal stroma. 

This thin irregular layer of epithelium usually develops into apparently 
normal corneal epithelium in a few days if the underlying stroma is 
normal. However, if the superficial stroma remains edematous or 
infiltrated with polymorphonuclear cells, the epithelium continues as 
a thin irregular layer as in the first steps of regeneration and is easily 
detached from the stroma. This incomplete regeneration resulting, 
perhaps, from recurrent erosion, has been noted as long as 6 months 
after a mustard injury (Fig. 12). Frequently in eyes removed 2-6 
months after exposure to mustard, the epithelium over heavily vas- 
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cularized cornea is irregularly thickened with 7 to 8 layers of cells 
and peg-like processes extending into the stroma (Fig. 13). Occas- 
ionally the conjunctival epithelial cells which have migrated over the 
vascularized stroma fail to be transformed into corneal t 3 qDe of epi- 
thelium and retain their normal number of goblet cells. At the point 
where the vascularization of the cornea stops there is then an abrupt 
change from the conjunctival type of epithelium to the corneal type 
(see Fig. 4 of succeeding paper). 



Fig. 13. HNl; 5^ mos. H&E; 670x. Thickened epithelium over scarred 
corneal stroma. 


The diameter of the regenerating cell varies up to 30 micra as com- 
pared to 10 micra of the normal basal epithelial cell. Thus one re- 
generating cell may cover 9 times the area previously covered by one 
cell. Since the migrating cells are only one to two layers thick as 
compared to four to five cells in the normal epithelium, a remainder of 
5-10% of the cells can cover the denuded area caused by the injury. 

Stroma: The appearance of the histological damage that occurs in 
the stroma is also very similar after exposure to any one of the four 
agents studied. Corneal edema of the “primary type” described 
by Mann and Pullinger (If) appears at the end of the first hour in the 
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Fig. 14. H&E; 150x. Normal cornea. 



Fig. 15. HN3; 1 hr. H&E; 150 X. Edema in posterior part of corneal stroma. 

1 . t . 

posterior layers of the. cornea (Figs, 15, 16). This edema is probably ■ 
due to an increased permeability of the endothelial cells although they 
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show no histological evidence of damage at the time. In this respect 
it is similar to the edema of the conjunctiva which likewise appears 
before visible histopathological changes in the capillary endothelium. 
“Primary edema” continues to increase for 24 to 48 hours and the 
corneal thickness may become two to three times as great as normal. 
Polymorphonuclear cells begin to invade the anterior two-thirds of 
the cornea at the end of 24 to 48 hours and continue to increase in 
numbers until the 3rd to 7th day. The number of invading cells 



Fig. 16. HN3; 8 hrs. H&E; 150X. Edema of corneal stroma. 


depends to a large extent on the number of destroyed corneal cor- 
puscles and also on the intensity of the secondary infection that almost 
always occurs. As the acute reaction begins to subside on the 7th 
to 8th day, monocytes can be seen among the inflammatory cells. 
Pullinger and Mann (5) have suggested that some of the invading 
macrophages may eventually become fibroblasts and aid in the repair 
of the stroma. The possibility of such a transformation of macro- 
phages to fibroblasts has been demonstrated by Ebert and Florey (6). 
At about 4-5 days, blood vessels and fibroblasts also begin to invade 
the stroma from the limbus and as time advances, areas of t 3 rpical 
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granulation tissue may replace the destroyed stroma tissue (Fig. 17). 
The invasion of the blood vessels and fibroblasts is usually limited to 
the anterior two-thirds of the stroma. In the posterior part of the 
stroma many corneal corpuscles usually survive the injury (Figs. 
18, 19). 

The pathological changes that occur in the stroma cells are more 
difficult to observe than the changes that occur in the epithelial cells, 
for even in the normal rabbit’s cornea the outline of the stroma cells 



Fig. 17. HNS; 5 days. H&E, 150X. Granulation tissue in corneal stroma. 


cannot be seen and the nuclei are thin homogeneous dark blue staining 
streaks (Fig. 14). Degenerative changes can be seen in the cells of 
the anterior two-thirds of the cornea, however, as early as 8 hours after 
a burn. The changes appear either as a clumping of the chromatin 
material so that the nuclei look like a bit of string with three to four 
knots tied in it, or the nuclei may swell and disintegrate. In the 
material studied for this report more cells showed the pycnotic type 
of degeneration after mustard and more became swollen and disin- 
tegrated after HN2. By the end of 24-48 hours most of the cells in 
the anterior stroma showed one or the other of these changes or had 
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Fig. 18. Mustard Vapor; 24 hrs. H&E; 150 X. Pycnosis of cells in anterior 
stroma and swelling of cells in posterior part of corneal stroma. 



Fig. 19. HNIHCI; 2 days. H&E; 150X. Absence of cells in anterior stroma 
and swelling of cells in posterior stroma of cornea. 

disappeared completely from the tissue (Figs. 18, 19). The cells in 
the posterior third of the stroma do not appear entirely normal, but 
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some survive in a high percentage of the eyes studied. If corneal 
edema is produced by a mechanical injury to Descemet’s membrane 
without applying any vesicant agent, the corneal cells swell, become 
more clearly outlined and resemble fibroblasts (Fig. 20). During the 
edema that follows mustard or nitrogen mustard, the corneal cells 
that remain in the posterior third of the stroma, however, seldom 
show this picture but have markedly swollen, pale, granular staining 
nuclei with some margination of the chromatin, indicating that some 



Fig. 20. H&E; 150 X. Edema of stroma following mechanical injury to 
Descemet’s membrane. 

damage has been done to them other than that produced by edema 
alone (Fig. 19). These changes have been studied in greater detail 
and are reported in a succeeding paper (7) . 

Replacement of damaged stroma cells takes place slowly. The 
conjunctiva appears almost normal in one to two weeks but vas- 
cularization and replacement of the cells in the anterior two-thirds of 
the cornea is usually just beginning at this time. The inflammatory 
reaction does not subside nor the cornea return to its normal thickness 
for two to three months. 
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In some eyes, blisters of serum containing a few polymorphonuclear 
and mononuclear cells are found under the epithelium for as long as 
3-6 months after injury (Figs. 21, 22). The underlying stroma in 
these areas is usually heavily vascularized and contains many poly- 
morphonuclear cells. The epithelium is loosely attached and may 
easily slough to form an ulcer. These areas are probably one of the 
causes of recurrent ulcerations of the cornea following mustard injury. 
Long after primary healing, in some eyes in which the cornea has 
regained complete or almost complete normal clarity areas may be 



Fig. 21. I-IN3HC1; 4 mos. H&E; 150X. Edematous bleb under corneal 
epithelium. 

found in the stroma that are still completely devoid of cells (Fig. 23). 
These acellular areas may be as much as 2-3 mm. in diameter and 
■| to ^ the thickness of the cornea. It is possible that these lesions 
are analogous to the “pearly white” lesions in the conjunctiva in that 
the fixed tissue cells are destroyed and are not replaced either by re- 
generation or by scar formation. It seems likely that these acellular 
areas may also account for some of the late recurrent ulcers. Ac- 
cumulations of cholesterol crystals as described by Mann and Pul- 
linger (If) have only occasionally been seen in our specimens and 
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Fig. 22. HNl; mos. H&E; 150X. Inflammatory reaction in scarred 
corneal stroma with loss of epithelium. . . 



Fig. 23. HN2 vapor; Treated with sodium diethyldithiocarbamatc; 21 days. 
150X. Clinically clear cornea. iMarked reduction in number of stromal cells. 
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the epithelium over these areas appeared normal. Mann and Pullinger 
attribute late ulcerations to the presence of these crystals but we have 
been unable to correlate recurrent erosions with the presence of these 
crystals. 

During the first few days after the application of any one of these 
toxic agents, the clinical symptoms are dominated by the reactions 
which occur in the conjunctiva. During this period the severity of 
the reaction to a particular dose of the agent is remarkably uniform 
and reproducible from rabbit to rabbit. The corneal symptoms that 
occur during this period, loss of the epithelial and endothelial cover- 
ings, primary edema, and beginning polymorphonuclear infiltration 
are also relatively uniform. After the 3-4 day, however, as the 
conjunctival lesions begin to recede, increasing variability in the course 
of the reaction appears. The same dose that leads to perforation of 
the cornea in some eyes may result in little or no final corneal opacity 
in others. This variability in the ocular reaction to mustard is much 
greater than that found after exposure to some other toxic agents, for 
instance lewisite. It seems clear that most of this variation concerns 
events which take place in the corneal stroma. 

Part of this variation can be attributed to differences in the intensity 
of secondary infection, but this by no means accounts for the extent 
of the scatter. Maumenee and Guyton (8) studied a large series of 
rats all exposed to as nearly as possible the same dose of mustard and 
treated with antibiotics. In spite of the fact that the conjunctival 
bacterial flora was kept at minimal levels throughout the experiment 
in these eyes, the severity of the reaction varied almost as widely in 
these animals as in those not treated with antibiotics. 

One factor which appears to be correlated with this variation is the 
variation in the number of dead corneal stroma cells. The intensity 
of polymorphonuclear infiltration in the cornea, which reaches a maxi- 
mum about one week after the injury, is closely connected with the 
number of dead cells. There is, moreover, a close correlation between 
the intensity of polymorphonuclear infiltration and the liquefaction 
and disorganization of the corneal lamallae which develops during the 
second and third weeks. Finally, residual scarring of the cornea is 
greatly increased if the lamallae have become disorganized so that 
invading fibroblasts and regenerating keratoblasts are not laid down 
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in parallel rows. Wide variation in the number of lost or fatally 
injured cells in the corneal stroma can be recognized in sections as 
early as the second or third day after exposure. 

Eiidotheliwn: In contrast to the wide variation in injury to the 
corneal stroma cells, for a given dose of a given one of these toxic 
agents, the reactions in the endothelium are much more uniform, but 
there is a wide variation in relation to variations in dosage and in 
respect to the four different toxic agents that are being compared. 
With doses that produce approximately equal reactions in the con- 
junctiva and corneal stroma, the effect on the endothelium is most to 
least marked mth the agents in the order HN2 > HNS = Mustard 
> HNl. After small doses the endothelium shows very little histo- 
logical change, but some damage must occur as evidenced by the in- 
creased permeability of the cells resulting in corneal edema. In all 
injuries with the standard doses the edema of the posterior cornea 
develops \vithin 8-10 hours after the injury, before there is a slough- 
ing of the endothelium. With HN2 the edema begins as early as one 
hour after exposure. Sloughing of the endothelium after e.xposure 
to HN2 is first seen about 8-24 hours after exposure. Similar changes 
appear as late as 3 to 4 days after HNl. The other two agents fall 
between these extremes. Fragmentation of the nuclei of the endo- 
thelial cells has been observed in supravital preparations (3) but was 
not noted in this study. Regeneration of the endothelium is markedly 
dependent on the depth and severity of the injury. It is very much 
slower than the regeneration of the epithelium and begins about 10 U 
days after the injury. A marked inflammatory reaction in the 
anterior chamber with wandering cell deposits on Desccmet's mem- 
brane seems to retard this regeneration. 

Aqueous: An increase in the protein content of the aqueous occurs 
early in all cases but is more marked with HN2. The cellular reactions 
depend on the dosage of the agent and extent of damage to the cornea. 
Strangely, there are only slightly more cells in the aqueous after HN2 
than after the other agents. 

Iris and Ciliary Body: In the iris again HX2 produces by far the 
greatest damage. The pupil constricts rapidly following application 
of this agent. Coincidental with this constriction the intraocular 
pressure rises (Graph 1). The earliest damage Hsible histologicalh 
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Graph 1 . Pupillary Diameter and Intraocular Pressure Following Local 

Application of HN2 



Fig. 24. HN2HC1; 3 hrs. H&E; 670X. Detachment of capillary endothelium 
in iris. 


142 


Pupil Diameter millimeters 



IlISTOPATHOLOGY OF OCULAR LESIONS 


143 



Fig. 25. HN2 Vapor; 4 days. H&E; 150X. Hemorrhages in necrotic iris. 



Fig. 26. HN2 Vapor; 4 days. H&E; 150 X. Hemorrhages and Greet vesicles 
in ciliary processes. 

in the iris is a detachment of the capillary endothelium (Fig. 24). 
The nuclei of the detached endothelium do not stain as intensely as 
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polymorphonuclear cells will invade the stroma and there will be a 
destruction of the corneal lamallae. A few days later blood vessels 
will begin to invade the stroma along with or j ust after the macrophages. 
Numerous fibroblasts are seen in the regions of the new vessels. The 
repair does not take place in an orderly fashion along the old corneal 
lamellae. Areas of typical granulation tissue are seen in some places 
and in other places areas of edema persist for a year or more. This 
type of repair always results in greater scarring than the previously 
mentioned type of repair. Some areas may remain acellular for a 
very long time. 

Repair of the endothelium is markedly dependent on the depth and 
severity of the injury produced. It is very much slower than the 
epithelium and begins 10-14 days after injury. The endothelial cells 
are replaced by a migration of the uninjured cells. 

Repair of the iris is essentially the same as that of the conjunctiva. 
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IV. EFFECTS OF MUSTARD AND NITROGEN MUSTARD 
ON MITOTIC AND WOUND HEALING ACTIVITIES 
OF THE CORNEAL EPITHELIUM* 

JONAS S. FRIEDENWALD, WILHELM BUSCHKE, and ROY 0. SCHOLZ 

The data reported in a previous paper serve to indicate the complex 
intracellular distribution of some of the bound mustard. Between the 
initial reaction of mustard with the tissue, and the consequent death 
of the cells, there is a gap in our knowledge so great as almost to defy 
analysis. As a first step in the attack on this problem we have 
assumed that there are many different physiological mechanisms within 
the ceU that are capable of being damaged by exposure to mustard, 
and have attempted to isolate for study those physiological activities 
that are experimentally approachable. If the inhibition or mal- 
function of some intracellular physiological mechanisms could be 
connected with cellular death, the gap between the biochemical events 
of the primary reaction of mustard with tissue and the pathological 
events of cellular death might be somewhat narrowed. 

One normal activity of the cornea is the mitotic division of cells in 
the corneal epithelium. Recent studies in this laboratory (1) have 
shown that the rat’s corneal epithelium is a favorable test object for 
the study of mitotic activity, and as a result of these studies convenient 
methods of assay were readily available. Some suggestion that mitotic 
activity might be particularly susceptible to inhibition or malfunction 
after exposure to mustard was implied in the report of Berenblum (2) 
that mustard acted as an antagonist to carcinogens on the rat’s skin. 

The techniques used for the assay of mitotic activity in the corneal 
epithelimn have been reported elsewhere (1). The basic data which 
these studies revealed regarding the mitotic activity of the comeal 
epithelium of the rat are as follows: The comeal epithelium in animals 
of 50 to 150 gram weight contains approximately 2,000,000 cells, of 
which approximately 1,400,000 are in the two basal layers. Between 
5,000 and 6,000 cells are normally found in mitosis. The duration of 

* The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the Office of 
Scientific Research and Development and the Johns Hopkins University. 
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the mitotic cycle of a single cell is about 70 minutes. The average 
duration of the resting stage between mitoses is 7-10 days. The mi- 
toses occur exclusively in the two basal layers and are slightly more 
numerous near the periphery of the cornea than at the center. Two 
drugs which have been found most useful in analyzing the mitotic 
activity are colchicine and ether. Colchicine causes an arrest of 
mitosis in metaphase and hence an accumulation of mitoses with the 
passage of time. In proper dosage it apparently h^ no effect on the 
rate at which cells enter mitosis. It may be used, therefore, to deter- 
mine the number of cells entering mitosis during a given period. Brief 
ether anesthesia stops the entrance of cells into mitosis for a period of 
1 to 2 hours but does not, in proper dosage, influence the progress of 
cells through the mitotic cycle once mitosis has begun. It may be 
used, therefore, to determine whether the progress of cells through 
the mitotic cycle is normal or delayed. 

In the present study, attention has been focussed chiefly on the 

CH 2 CH 2 CI 

/ 

nitrogen mustard HsCN commonly called HN2, but 

\ 

CH 2 CH 2 CI 

it may be said in advance that qualitatively similar results have 
been obtained with mustard and with other nitrogen mustards. 

EEFECT OF LOCAL ADMINISTRATION OF HN2 HYDROCHLORIDE 

In a preliminary study it was found that the local toxic effects of 
freshly prepared solutions of HN2 hydrochloride instilled in the eye 
were indistinguishable from those produced by exposure to the vapor 
of the free base. In the present study aqueous solutions were used 
unless otherwise specified. The solutions were either freshly prepared 
or freshly diluted from a 1% stock solution of IIN2 hydrochloride in 
M/1000 HCl. The stock solution was kept on ice and renewed every 
two weeks. A single drop (approximately 0.05 ml.) of the solution 
was instilled into one eye of a 50-150 gram rat and the lids held open 
for 30 seconds after the instillation. At various intervals after the 
instillation the animals were sacrificed and the number of mitoses 
> counted in the treated and untreated corneas. Counts were made on 
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a meridional strip of each cornea constituting of the total area of 
the cornea. The average normal nximber of mitoses in such a strip 
is 100-120. Since there is considerable individual variation in mitosis 
counts on different rats, but little normal variation between the two 
eyes of the same rat, the numbers given in Table I are the ratio of 
mitoses in the treated versus the untreated eye of the same rat. In 
general, the number given is the average of two or more animals for 
each observation. 


TABLE I 


Per Cent of Mitosis in Treated Versus Control Eyes 


CONCENTRATION 

orHN2 ' 

TIME AFTER ADMINISTRATION 

NUCLEAR 1 

LOOSENING OF 

HYDROCHLORID 

3 hrs. 

6 hrs. 

24 hrs. 

FRAGMENTS 

EPITHELIUM 

.25% 

43 

2 

0 


+ 

.125 

9 

0 1 

0 

-1- 

+ 

.06 

8 

8 

0 

+ 

± 

.03 

4 

0 

0 

-f 

0 

.015 

15 

43 

0 

-H 

0 

.0075 

24 

20 

10 

-t- 

0 

.0037 

32 

35 

6 

-i- 

0 

.0175 


38 

33 

0 

0 

.0008 


36 

52 

0 

0 

.0004 


53 

52 

0 

0 

.0002 



84 

0 

0 

.00005 



134 

0 

0 

.000012 



147 

0 

0 

.000003 



no 

0 

0 


Thresholds: A single drop of 1% HN2 hydrochloride produces a 
severe lesion in a rat’s eye. 0.5% produces a slight lesion. With 
0.25% few symptoms are clinically visible; however, histological 
study reveals during the first 24 hours areas of loosening of the 
corneal epithelium and some leucocytic infiltration of the tissue. At 
a concentration of 0.06%, no changes whatever are noted on routine 
histological study. 0.1% therefore, represents the threshold of local 
necrotizing action. In human beings pain, lacrimation, and photo- 
phobia, associated with fine punctate opacities in the epithelial layer 
of the cornea, are seen with exposures insufficient to elicit such severe 
clinical symptoms as those which were observable in the rat. 
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The administration of HN2 hydrochloride in concentrations be- 
tween 0.25% and 0.0004% results in a marked decrease in the number 
of mitoses in the corneal epithelium. The onset and duration of this 
period of decreased mitosis varies with the dosage. At still lower 
concentrations there is a slight increase in the number of mitoses in 
the treated as compared with the untreated eye. A comparison of 
the mitosis inhibition produced by various to.vic agents is given in 
Table II. The absolute amounts of these substances administered 
is of no special significance since the toxic agents were dissolved in 

TABLE II 


% Mitosis Inhibition 24 Hours after Administration 


EUBSTANCE 

oo??c. % 

IINl 

HN2 

HN3 

MUSTABD 

IXWISITE 

0.25 


100 

100 


90* 

0.12 


100 



42 

0.06 

• 

100* 

100* 

98 

34 

0.03 


100 



15 

0.015 


100 

100 



0.008 


90 


99 


0.004 

87 

94 

85 

93 


0.002 

3 

67 

73 

74 


0.001 


48 


25 


0.0005 


48 





IINl = H»C{N(CiILCl);HCl dissolved in water. 

HN2 = H,CN(C5H,C1);HCI dissolved in water. 

HNS = N(C!lLCl)jHCl dissolved in water. 

Mustard = S(CjILCl)j dissolved in hexane, 
l/nvisite = (ClCH=CH)AsCl; dissolved in triacetin. 

• = threshold concentration for clinically visible effects. 


different solvents and the amount taken up by the cornea no doubt 
. varies wdth different agents and different solvents. For comparison 
between the different agents the relation between the threshold dose 
for tlie production of clinically visible symptoms and the threshold 
dose for inhibition of mitosis seems more significant. These thresh- 
olds are indicated in the table. It is evident that mustard and the 
three nitrogen mustards studied produce essentially similar effects, 
the tlireshold doses for mitosis inhibition with these agents being about 
1/100 the threshold dose for clinically recognizable sjTnptoms. 
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Fragmented Nuclei: Returning to the HN2 series which was studied 
in greater detail, it was found that while normal mitoses are almost 
completely absent in many of these preparations, a nmnber of them 
show scattered cells in which the chromatin is fragmented and the 
cell disintegrating. The appearance of these cells closely resembles 
similarly disintegrating cells seen after colchicine poisoning. Occasion- 
ally a few cells with this type of disintegration are found even in normal 
controls. They are found almost exclusively in the basal layers of 
the epithelium. The number of these disintegrating cells is generally 
relatively small. This phenomenon of nuclear fragmentation and 
cellular death produced by mustard and nitrogen mustard injury has 
been studied in some detail. The results of these studies are reported 
in the next paper. 

ONSET OE MITOTIC INHIBITION 

The normal time required for the completion of mitosis by the corneal 
cells is about 70 minutes. If the inhibition of mitosis by HN2 were 
immediate all normal mitoses would be expected to disappear within 
this period after the administration of the agent. Allowing a short 
time for penetration and reaction of the agent, this is approximately 
the case when concentrations of HN2 hydrochloride are used that are 
near the necrotizing or vesicant level. With much lower concentra- 
tions, near the threshold of mitosis inhibition, the number of mitoses 
in the cornea is found to decline very much more slowly. Thus for 
example, with a concentration of .0037%, the number of mitoses 
reaches a minimum only after 18 hours (Fig. 1). 

This slow decline in the number of mitoses might be due either to 
a slow development of the inhibition following the initial reaction of 
HN2 with the tissue, or to a slowing down of the progress through the 
mitotic cycle of those cells that were in mitosis at the time of action 
of HN2. In order to test this possibility, we have made use of the 
effect of ether anesthesia previously reported. It had been shown 
that- a brief anesthesia of 10 minutes duration is followed by a period 
of over an hour during which no new mitoses appear in the cornea. 
During this period of temporary inhibition, those cells that are in 
mitosis at the time of anesthesia progress apparently quite normally 
through their mitotic cycle as is shown by the fact that cells in pro- 
phase, in metaphase, etc. disappear in orderly fashion from the picture. 
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The following experiment was, therefore, performed. One drop of 
0.0037% HN2 hydrochloride was instilled into one eye each of a 
number of rats. As shown in Figure 1 , this dose leads to a slow decline 
in the number of mitoses in the cornea. At various times during this 
slow decline, the animals were anesthetized for 10 minutes with ether. 
One hour later they were killed by decapitation and the eyes removed 



Fig. 1. IsmBmoN' or Mrrosis Following Instillation' of Ont: Drop of 
.0037% Nitrogen Mustard Solution 

for mitosis counts. It was found that the disappearance of mitoses 
follomng anesthesia was just as complete in the treated as untreated 
e 3 'e. There is, therefore, no reason to suppose that HN2 in this 
concentration decreases the rate of progress of cells through mitosis 
once mitosis has begun. It is concluded, therefore, that the slow 
decline in the number of corneal mitoses following the administration 
of veiy low concentrations of HN2 is due to a slow development of 
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the inhibition and that this inhibition reached maximum long after 
the reaction of HN2 with the tissue has run its course. 

The implications of this finding in respect to the mechanism of 
mitosis inhibition require further exploration. One possible explana- 
tion may, however, be suggested at this time, namely that HN2 may 
not directly attack the mitotic mechanism itself but may inhibit the 
production in the tissue of some substance required for the initiation 
of mitosis. 

With much higher doses of HN2 some slowing down of the mitotic 
cycle was actually observed. If 0.25% HN2 hydrochloride is instilled 
into one eye of a rat, the animal then exposed to 10 minutes light ether 
anesthesia, and the animal sacrificed one hour later, the control eye 
shows a negligible number of mitoses, while the eye that had been ex- 
posed to HN2 still shows an appreciable number. In fact, with this 
dose of HN2 the last stragglers in the array of mitosing cells have not 
completed their mitotic cycle even at the end of 3 hours, as is to be 
seen in Table I. The slowing down of the mitotic cycle with such very 
large doses of HN2 appeared to affect all phases of the mitosis about 
equally. 

RECOVERY EROM INHIBITION 

Spontaneous recovery from the inhibition of mitosis occurs in the 
corneal epithelium after a lapse of time which varies with the dose of 
HN2. In Figure 1 it is seen that this recovery can be associated 
with a transitory rise of the mitosis rate above the normal level. A 
similar transitory excess of mitoses is seen after recovery from in- 
hibition by ether and some other agents. The larger dose of HN2, 
the longer the period of inhibition and the slower the recovery. When 
concentrations as high as 0.03% are used mitotic activity is suppressed 
for 7-10 days. 

CELLULAR GROWTH IN THE ABSENCE OF MITOSES 

If a drop of 0.03% HN2 hydrochloride is instiUed into rats’ eyes every 
five days, mitoses can be suppressed in the cornea for as long as a 
month. Throughout the first 2-3 weeks of such an experiment the 
rats’ corneas appear grossly quite normal. By the fourth week, how- 
ever, some clouding of the cornea and congestion of the conjunctiva 
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develop along with a moderate mucopurulent discharge. Some of 
the eyes in this experiment were removed for histological study 10 
days after the onset of the experiment. Flat preparations of these 
corneas, Fig. 2, revealed that the horizontal dimensions of the basal 
cells and of their nuclei had increased to about double the normal, 
the area covered by each cell being about four times that of the normal 
controls; thus the number of basal cells in these eyes was about one 



Fig. 2 


a) Normal control showing several mitoses. 

b) Enlargement of corneal cells after 10 days inhilhtion of mitosis by nitrogen 
mustard. This microjihotograi)]! was taken under the same magnification as 
Fig. 2a. 

quarter that in the normal, and, since the superficial layers of cells had 
largely desquamated olT, the number of epithelial cells was reduced 
to less than a quarter of those normally present. 

Sagittal sections through some of these specimens revealed that the 
height of the basal cells was about one half that of the normal. With 
four time the area and half the height the volume of these cells was 
about twice that of those in normal controls. Since the average inter- 
mitotic period in the basal cells of the rat’s corneal epithelium is 
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also participate in the covering of the defect. Indeed, with larger 
doses of mustard or nitrogen mustard large portions of the loosened 
corneal epithelium commonly slough off and the denuded area is often 
first covered by a migration of conjunctival epithelium into the defect. 
In pigmented animals whose limbal epithelial cells contain melanin 
pigment the movement of this line of pigment can often be readily 
seen. Fig. 4 shows a section through such a pigment line with epi- 
thelium of corneal type on one side of the pigmented cells, of con- 
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Eight rats were used for the following experiment: two received a 
subcutaneous injection of 1.9 mg. per kilo of HN2 hydrochloride; two 
received the same dose of HN2 hydrochloride followed 24 hours later 
by 2 mg. per kilo of colchicine; two received colchicine and no HN2 
hydrochloride; two were untreated controls. The animals were 
sacrificed 8 hours after the colchicine injections, 32 hours after the 
HN2 hydrochloride injections. Mitosis counts were made on cornea, 
bone marrow, and small intestine. The results in Table III show that 
HN2 hydrochloride injected intramuscularly produces a marked 



Fig. 4. Overgrowth of Conjunctival Type of Epithelium on the Cornea 
AFTER Exposure to Nitrogen Mustard 

inhibition of mitotic activity in cornea, bone marrow, intestine. 
With dosage used, the effect is most marked on the bone marrow, 
least marked on the cornea. This may mean that the cornea is 
more resistant to the effects of HN2 hydrochloride than is the bone 
marrow, but there may be some question as to whether the same 
concentration of the agent reaches both tissues after intramuscular 
injection. 

This experiment indicates that inhibition of mitosis in the bone 
marrow and intestine constitutes a part at least of the effects of HN2 
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hydrochloride leading to delayed death. With the dosage used, it 
certainly does not account for the whole effect for, as has been shown 
by others, this dose leads after a somewhat longer interval to an 
extremely widespread depletion of bone marrow cells. If we assume 
that roughly half of the cells in the normal rat’s bone marrow are cells 
which have completed the mitotic phases of their development and 
are merely maturing before subsequent passage into the blood stream, 
we cannot account for a disappearance of much more than one-half 
of all bone marrow cells solely by inhibition of mitosis. Other workers, 

TABLE m 


Inhibition of Mitosis by EN2 Hydrochlorid Injected Intramuscularly 



NOSUAL 

CONTROL 

HN2 

COLCHI- 

CINE 

HN2 ANO 
COLCHICINE 

Cornea 

Average number of mitoses per section 
(6 sections per cornea) 

B 

1.1 

62.0 

16.5 

Intestine 

Average number of mitoses per crypts 
(12 crypts in cross section counted) 

0.65 

0.2 

4.15 

0.55 

Bone Marrow 
% cell in mitosis 

2% 

too few to 
count 

40% 

too few to 
count 


however, have found that 90% or more of the bone marrow cells 
disappear following such a dose as was used in this experiment and 
these lost cells cannot be accounted for by the appearance of immature 
cells in the blood stream. Moreover, such aplastic bone marrows 
are loaded with the debris of dead disintegrating cells. It must be 
concluded, therefore, that a dose of HN2 hydrochloride which leads to 
extreme aplasia of the bone marrow involves injury to resting cells 
in the bone marrow as well as inhibition of mitosis. 

SUMMARY 

Mustard and the nitrogen mustards are powerful inliibitors of 
mitosis in the corneal epithelium. The inhibition of mitosis can be 
produced by doses of these agents far smaller than those required to 
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produce clinically recognizable signs and symptoms of damage. 
With threshold doses the inhibition of mitosis comes on slowly, reach- 
ing a maximmn many hours after the primary reaction of the toxic 
agent with the tissue has been completed. Recovery from the in- 
hibition occurs spontaneously. The duration of the inhibition in- 
creaseswith the dosageapplied and can bemade to last for several weeks 
by repeated instillations of the poison. During a prolonged inhibition 
of mitosis the basal cells of the corneal epitheliirai increase in size. 
Wounds in the corneal epithelium heal at a normal rate even in the 
absence of mitotic activity. Cells that are in mitosis at the time of 
exposure to the toxic agents complete their division normally and at 
normal speed unless the dose applied is very large, under which cir- 
cumstances some slowing down of the whole mitotic cycle occurs. 
Systemic administration of the poisons in approximately MLD 50 
dosage causes an inhibition of mitosis in the corneal epithelium and 
also in the bone marrow and intestinal mucosa. Inhibition of mitosis 
represents the lowest threshold effect so far recognized in the reaction 
of tissues to these poisons. 
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V. NUCLEAR FRAGMENTATION PRODUCED BY MUSTARD 
AND NITROGEN MUSTARDS IN THE CORNEAL 
EPITHELIUM* 


JONAS S. FRIEDENWALD and WILHELM BUSCHKE 

In the preceding paper mention was made of a peculiar mode of 
death of some cells in the corneal epithelium after exposure to mus- 
tard or nitrogen mustard. The threshold dose at which this phenom- 
enon first makes its appearance is 10-20 times that for mitosis in- 
hibition. As will appear from the more detailed description below 
this is a form of karyorrhexis, a mode of cellular death that has been 
described in other tissues in a variety of conditions. We have pre- 
ferred in this paper to call the phenomenon that we were observing 
by the non-committal descriptive term of nuclear fragmentation, 
avoiding thereby any implication that the mode of development and 
nature of this particular pathological process are similar to those of other 
instances of karyorrhexis that we have not investigated. Similarly 
disintegrating cells have been noted by others in the bone marrow and 
the other organs in systemic mustard poisoning. The present study 
was undertaken in the hope of throwing light on this peculiar patho- 
logical process and of determining whether and in what way the phe- 
menon was related to mitotic activity. 

I. DISTRIBUTION AND FREQUENCY OF NUCLEAR FRAGMENTATION 

Isolated cells showing nuclear fragmentation are occasionally 
seen in the corneal epithelium of normal rats. Very extensive and 
numerous cell changes of this type are seen after exposure to ultra- 
violet light. In colchicine poisoning, in which mitosis is arrested in 
metaphase, dispersal of the chromatin can occur if the exposure to 
colchicine is prolonged. The final picture of such nuclear frag- 
mentation under colchicine resembles the final picture after mustard 
and ultraviolet exposures, but, as will be noted below, the cytological 
steps by which the nuclear fragmentation is reached are not the same. 

* The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the Office of 
Scientific Research and Development and the Johns Hopkins University. 
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After instillation into rats’ eyes of one drop of .03,% or more of 
hydrochloride, cells in nuclear fragmentation are frequently seen. 
Owing to the frequent extracellular scattering of the nuclear fragments 
only very rough estimates of the mnnber of affected cells can be given. 
They are found only in the basal layers of the epithelium^ and usually 
about .04-1.0% of the basal cells show this change, although under 
special conditions, as will be noted below, the number of afiected cells 
can be considerably increased. Even if the dosage of HN2 is increased 
to 1% or more, sufi&cient to produce complete destruction of the eye, 
the percent of cells showing this t5rpe of death is not appreciably in- 
creased though cells undergoing pycnosis appear in increasing num- 
bers. Moreover the incidence of nuclear fragmentation following 
the same dose of HN2 varies markedly from animal to animal. If 
the eyes are enucleated, dipped for 10 minutes in solutions of .00125 
to 0.03% HN2 hydrochloride in M/1000 HCl, and then incubated in 
moist chambers, nuclear fragmentation appears with much greater 
regularity and in a much larger number of cells. 

These experiments made it clear that in the corneal epithelium only 
cells in a particular physiological state are susceptible to this kind of 
injury. It may be pointed out that in the corneal epithelium only 
cells in the basal layers undergo mitosis and that the number of 
mitosing cells normally found is of the same order of magnitude (0.4%) 
as the number which can be thrown into nuclear fragmentation by 
exposure to HN2. 

n. CYTOLOGICAL STUDIES 

By using the supravital technique with which nuclear fragmentation 
is regularly produced in abundance it is possible to obtain material 
in which the cytological development of the process may be studied. 
The first visible alteration is seen one to two hours after exposure, at 
which time scattered cells are found in which the nuclear chromatin 
shows a fine granular appearance. As time goes on the granules 

1 HN 2 is the symbol commonly used for the nitrogen mustard 

/CH2CH2CI 
HaC— N< 

\CH2CH2Cl 

2 With very prolonged supravital incubation similar changes also occur in 
other cell layers. 
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l)ecome larger and fewer in number, and tend to accumulate on the 
nuclear membrane leaving a clear homogenous non-basophilic material 
in the nuclear space between them. At this stage many of the affected 
nuclei appear somewhat larger and rounder than normal (Fig. 1). 
About four hours after exposure the chromatin in some of the affected 
cells has all become aggregated into a few lumps and in some of the 
affected cells the nuclear membrane has disappeared. At this stage 
the appearance of the cell is much like that of normal mitosis in 



\ . V o) Lute stage 

a; Early Stage b) Moderately AdTanood Stage 


Fig. 1. Nuclear Fragmentation in the Rat’s Corneal Epithelium 
Following Exposure to Nitrogen Mustard 

metaphase with the chromatin lying in a zone of clear material in the 
center of the cell, only instead of chromatin being arranged in an 
orderly pattern of chromosomes, it is aggregated in irregular amorphous 
masses and no spindle is formed. The aggregated chromatin is 
Feulgen positive and the amount of Feulgen positive material in these 
■cells is greater than in normal resting cells. Not all exposed cells 
reach this stage simultaneously, even at 4-6 hours after exposure one 
sees many cells in the prophase-like stage of chromatin aggregation 
within a still preserved nuclear membrane. 

After the disappearance of the nuclear membrane the picture departs 
more and more from that of a normal mitosis. No spindle is formed. 
We have not been able to demonstrate regularly centrioles or astral 
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bodies in normal mitoses in the corneal epithelium, and can therefore 
attach no significance to the fact that these are also not seen in the 
process of nuclear fragmentation. With time the clear zone of nuclear 
material in the center of the cells disappears and the fragments of 
chromatin become dispersed throughout the cell body. Some cells 
in this stage appear swollen, others shrunken. Eventually the cell 
wall is ruptured and the cell debris discharged. 

From the morphological point of view the process which leads to 
nuclear fragmentation can be described as a pathological and in- 
completed mitosis. Previous studies have shown that in the corneal 
epithelium the time required for a normally mitosing cell to pass 
through prophase and enter metaphase is one half hour or less (1). 
The pathological mitosis after exposure to HN2 requires upwards of 
two hours to proceed through comparable phases. There are evi- 
dently close analogies between the phenomenon that we are studying 
here and the prolongation of mitosis in invertebrate eggs found by 
Caiinan (2) and coworkers after exposure to HN2. 

III. EXPERIMENTS ON THE INHIBITION OR ARREST OF NUCLEAR 

FRAGMENTATION 

Nuclear fragmentation following exposure to HN2 is prevented or 
delayed by incubation of the tissue at temperatures lower than the 
normal body temperature (Fig. 2). Quantitative studies on the 
nuclear fragmentation produced by exposure to ultraviolet light, 
reported elsewhere (3), ^ show that the temperature coefficient for the 
development of this phenomenon is very large (Qio = 3.5). A similar 
temperature coefficient was found for nuclear fragmentation produced 
by HN2. 

Nuclear fragmentation following exposure to HN2 is prevented or 
delayed by anoxia. Nuclear fragmentation following exposure to 
ultraviolet light is likewise suppressed by anoxia. 

In a series of experiments freshly enucleated rats eyes were dipped 
for 10 minutes in HN2 hydrochloride, freshly dissolved in isotonic 
phosphate buffer (pH 7.4), and then briefly washed in normal saline 
solution. Following this the eyes were placed in an incubator at 37 C, 
some in a moist chamber, some in aerated phosphate buffer, and some 
returned to freshly prepared HN2 solution which was aerated. After 
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5 hours of incubation tlicy were fixed, and stained. Those incubated 
in tlie moist chamber showed the usual number of fragmented nuclei, 
'fhose in the phosphate buffer with or without the added I-IN2 showed 
no nuclear fragmentation. These experiments suggest that some 
factors necessary for the fragmentation process are removed in the 
bathing fluid. 

II 1) 



Fig. 2. Counkai. Fimtiiici.ium AvrKu Exi’osukh to Imtkcgkn A'Iustaki) 

a) Incuhati'd at .t7°C. 

b) Incuhati’d at ItFC. 


Tl is concluded that the process of nuclear fragmentation involves 
certain aspects of the normal metabolic processes of the cells, — 
oxygen, normal incubation temperature, and a substance or sub- 
stances extractable on washing the tissue. Whether the oxidative 
reaction concerned in this pathological process consists in the oxida- 
tion of some substrates not normally accessible to the respiratory 
chain of reactions, or whether some normally counterbalancing reduc- 
tive process is inhibited can not be determined. As will be seen from 
the studies on corneal metabolism that are presented in later papers 
of this series. Dr. Herrmann has found no measurable disturbance in 
the overall metabolism of the tissue after exposure to doses of mustard 
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which produce only nuclear fragmentation and mitosis inhibition. 
The metabolic disturbance which is related to this effect is, therefore 
a highly specific one involving only a small fraction of the total meta- 
bolic activity of the tissue. It may be noted, however, that low 
temperature, anoxia, and incubation of the tissue in aerated solutions 
also inhibits mitotic activity. It may be, therefore, that the in- 
hibition of nuclear fragmentation by these agents operates through 
an inhibition of some factors necessary- for normal mitosis, but no 
such positive conclusion is justified from, experiments with these highly 
unspecific inhibiting procedures. 

V. RELATION OT NUCLEAR FRAGMENTATION TO NORMAL MITOSIS 

The question of the locus of injury which leads to nuclear fragmenta- 
tion may be approached from several points of view. One may ask 
what part of the cell is injured or what cellular process is inhibited. 
One may ask at what phase of the cycle leading to cell division is the 
cell susceptible to this special type of injury. Finally, one may ask 
at what stage in the cycle of cell division does the process begin to 
deviate from the normal. All three of these questions are closely 
interlinked and have to be approached piecemeal, and only incomplete 
answers can be reached at the present stage of the study. 

a) Effect of HN2 on cells in mitosis. The question of whether 
nuclear fragmentation results from an injury by HN2 to cells in the 
process of mitosis at the time of exposure is readily approachable. 
A variety of agents has been found: — adrenalin, ether anesthesia 
trauma, morphine, which prevent the entrance of cells into mitosis 
but do not interfere with the progress of cells that have already 
entered mitosis (1,4). After administration of one of these agents the 
number of mitoses found in the cornea steadily declines to zero. 
First prophases disappear, then metaphases, etc., until about an hour 
after the onset of the inhibition no mitoses remain in the tissue. If 
the tissue is exposed to HN2 before or simultaneously with one of 
these mitosis inhibitors and samples are examined at various intervals 
after exposure, it is possible to determine whether the exposure to 
HN2 has altered the progress of cells through mitosis. Experiments 
of this type, similar to those reported in the previous paper, revealed 
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for, if the inhibition acted only at some later point in the cycle, cells 
would accumulate at the normal rate in the preinhibited state and 
would escape from this state in the recovery phase, with a resulting 
excess overshooting of mitosis numbers that should compensate for 
the deficit accumulated during the period of inhibition. 

: . Since HN2 produces nuclear fragmentation even when an adrenalin 
inhibition of entrance into normal mitosis exists at the time of HN2 
administration and throughout the whole period of development of 
the nuclear fragmentation, we can conclude that the locus of action 
of HN2 is antecedent to the irreversible entrance of cells into mitosis. 
This antecedent state cannot be the normal resting state since only a 
very few cells in the cornea are at any given moment susceptible to 
this form of injury. It may be suggested, therefore, that there exists 
a reversible pre-mi to tic state antecedent to the irreversible mitotic 
state, and that in the corneal epithelium this pre-mitotic state is the 
source of the cells which after exposure to HN2 undergo nuclear 
fragmentation. 

•, In order to study this relation quantitatively, experiments were 
performed in which one drop of 0.25% HN2 hydrochloride was instilled 
into one each of a series of rats at various times before or after the 
intramuscular injection of 0.2 mg. of adrenalin in peanut oil. The 
eyes were removed for histological study 6 hours after the administra- 
tion of HN2. The animals in these experiments were kept each in a 
separate cage in the quietest part of the laboratory and were not.handled 
or disturbed for at least 12 hours before the beginning of the. experi- 
ment. This was done in order to reduce to a minimum the excite- 
ment of the rats, and to avoid adrenalemia not caused by the injec- 
tions. The control rats in this series which received no. a,drenalin 
injection, and also those that received the adrenalin simultaneously 
with, or later than, the HN2, showed minimal numbers of cells with 
nuclear fragmentation. When HN2 was given 1 to 4 hours after 
the adrenalin injection relatively great numbers of cells in nuclear 
fragmentation resulted. Adrenalin alone never causes nuclear frag- 
mentation. Similar results can also be obtained if the inhibition of 
mitosis is produced by a hypodermic injection of morphine. Under 
morphine hypnosis the body temperature of rats is markedly lowered. 
Since decreased temperature had already been shown to delay greatly 
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the onset of nuclear fragmentation, the animals in this experiment were 
kept warm in the incubator. 

These experiments show that when the normal entry of cells into 
irreversible mitosis is blocked then some cells accumulate in the pre- 
mitotic state. This is not in contradiction with the previous conclu- 
sion that the susceptible pre-mitotic state is reversible. If cells in 
the pre-mitotic state normally can escape from this condition either 
by entering mitosis or by returning to the resting state, then the 
closing of one of the exits wiU, other things being equal, lead to an 
accumulation of cells in the pre-mitotic state until the rate of escape 
through the remaining exit is equal to the rate of entrance. This is, 
in fact, in accord with the phenomenon of overshooting regularly seen 
in the recovery phase after adrenalin inhibition. This conclusion is 
not unequivocal since, ob'nously, adrenalin and morphine might 
increase the number of cells in the susceptible state through some 
action wholly unrelated to their effects on the mitotic process. 

Since in the control animals with minimal adrenalemia the niunber 
of fragmented nuclei produced by HN2 is very small, we can conclude 
that there are few cells in the susceptible state under these conditions, 
and hence that the normal duration of the susceptible state in the 
corneal epithelium is quite short in comparison to the whole inter- 
mitotic period. Not all procedures which lead to an inhibition of 
mitosis lead to an increased susceptibility to nuclear fragmentation. 
For instance, if eyes are enucleated and placed in a moist chamber in 
the incubator, mitoses appear in decreasing numbers during the second 
hour of incubation, and by the end of three hours and for several 
hours thereafter no mitoses are visible in the tissue. If, at the end of 
three hours incubation the eyes are exposed to HN2 and then re- 
incubated, nuclear fragmentation does not develop. Evidently some 
factors necessary for the mitotic process and also factors necessary for 
the fragmentation process are exhausted by this procedure. 

Effect of Hypotonicity mid Low pH 

If freshly enucleated rats eyes are dipped for 10 minutes in a 
freshly prepared 0.25% solution of HN2 in M/6 phosphate buffer, and 
then incubated in a moist chamber for 6 hours, only a moderate number 
of epithelial cells develop nuclear fragmentation, the number being 
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comparable to that produced in vivo. On the other hand, if the 
enucleated eyes are dipped in HN2 hydrochloride solution dissolved 
in M/ 1000 HCi and then incubated, the number of cells developing 
nuclear fragmentation is very much greater. A variety of experi- 
ments were performed in attempting to elucidate this peculiar finding; 
If the HN2 is dissolved in 0.9% NaCl containing M/1000 HCI, fewer 
nuclear fragmentations are produced than in the hypotonic M/1000 
HCI solution without NaCl, but more than are produced by exposure 
to HN2 in the phosphate buffer. If the eyes are dipped into distilled 
water or M/1000 HCI solution before being placed for 10 minutes in 
a solution of HN2 in the phosphate buffer, there is a moderate increase 
in the number of nuclear fragmentations produced. Apparently both 
hj^jotonicity and low pH before or during the exposure favor the 
development of the lesion. 

The interpretation of these findings is complicated by the fact that 
HN2 is transformed more slowly into its reactive derivative, the cyclic 
ethylene imine, at low pH and in the presence of high concentrations 
of chloride or phosphate ions, but, since the intracellular ionic changes 
are probably small compared with those in the bathing fluid, it seems 
likely that hypotonicity and low pH produce their effect by increasing 
the number of susceptible cells rather than by radically altering the 
reactivity of the toxic agent. In this connection it is to be remembered 
that similar brief exposures to abnormal salt concentrations and 
acidities have been used by many investigators to precipitate partheno- 
genesis in various ova. 

V. LOCUS OE MITOSIS INHIBITION BY HN2 

As previously reported, the administration of very small doses of 
HN2 to rats’ eyes results in a slowly declining mitotic activity without 
the production of nuclear fragmentation. With appropriate dosage 
(one drop of .004— .008% HN2 hydrochloride) mitoses disappear 
completely from the corneal epithelium in 18 hours, reappear in about 
36 hours, and overshoot the normal numbers about 48 hours following 
exposure. In a series of experiments a second dose of more con- 
centrated HN2 hydrochloride solution was administered either at the 
period of mitotic inhibition or at the period of mitosis excess. For 
controls the opposite eyes of the same animals were used and these 
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received either only the first small dose of HN2 or only the second 
large dose of HN2. Six hours after administration of the second 
dose the eyes were enucleated. It was found that the first small dose 
caused no nuclear fragmentation and that it resulted neither in an 
appreciable increase nor in an appreciable decrease of the munber of 
fragmented cells following the second dose. It follows: (1) that the 
locus of mitosis inhibition by HN2 cannot be antecedent in the mitotic 
process to the locus of injury producing nuclear fragmentation; and 
(2) that the locus of mitosis inhibition by HN2 must be different from 
that by adrenalin and morphine. Consequently the mitosis inhibition 
must be either at the same pre-mitotic stage as that in which larger 
doses lead to nuclear fragmentation, or it must be at some stage in the 
irreversible portion of the mitotic cycle, i.e. at a later stage than the 
locus of adrenalin inhibition. The former of these two alternatives 
would seem a priori more likely, and the latter can be exluded by direct 
experimental test, for if the mitosis inhibition of HN2 occurs at a later 
stage in the mitotic cycle than the inhibition of adrenalin, then the 
overshooting of mitosis numbers during the recovery from HN2 in- 
hibition should be relatively refractory to adrenalin inhibition. Ex- 
periments revealed that mitotic activity during the recovery phase 
following HN2 inhibition is just as susceptible to adrenalin inhibition 
as is mitotic activity normally. The conclusion that the locus of 
mitotic inhibition by HN2 is the pre-mitotic state is in agreement with 
the findings of Cannan on invertebrate eggs. 

DISCUSSION 

The course of events in the normal cycle which is indicated by this 
analysis may be represented schematically as follows provisionally 
identifying the susceptible state with that of pre-mitosis: — 

A C 

Resting State ^ * Susceptible State Mitosis 

B 

Adrenalin, morphine, cause an inhibition at (C) leading to an 
accumulation of cells in the susceptible state. Cells in this condition 
when exposed to larger doses of HN2 are damaged in such a way that 
after some hours they undergo a pathological process leading to 
nuclear fragmentation. Even with smaller doses of HN2 progress 


172 


J. S. FEIEDENWALD AND W, BUSCHKE 

i 

through the pre-mitotic state toward normal mitosis is inhibited. A 
simple hypothesis that is compatible with all the data so far obtained 
is that in the larger doses HN2 inhibits the return of cells from the 
pre-mitotic state to the resting state. Such an hypothesis presup- 
poses that the pre-mitotic state is essentially unstable, and that 
cells frozen in this state, unable either to return to the restmg state or 
to escape into normal mitosis proceed through such portions of mitotic 
activity as they are still capable of. 

The notion of an intrinsic instability of the pre-mitotic state receives 
some support by analogy from the experiments of Loeb (5) on parthen- 
ogenesis which have been confirmed and extended by many other 
investigators. These experiments show that cells exposed to agents 
which stimulate parthenogenesis tend to undergo cytolysis. If they 
are protected from cytolysis by what Loeb called “compensating 
agents” parthenogenesis results. This analogy must not be pressed 
too far for the cytolysis which has been observed in these experiments 
is a very different process from that of nuclear fragmentation. Special 
susceptibility of cells in pre-mitosis to X-ray injury has been suggested 
by Strangeways and Oakley (6), and our own experiments do not 
exclude the possibility that ceils in this state are directly damaged 
by the HN2, not merely frozen in an unstable state. 

If susceptibility to nuclear fragmentation on exposure to HN2 can 
be taken as a sign that a cell is in the pre-mitotic state, then the 
nmnber of cells normally present in this state in the corneal epithelium 
is small when the animals are in basal condition (no adrenalemia), 
roughly one tenth the niunber normally present in the histologically 
recognizable state of mitosis. Assuming that at least as many cells 
enter this state per hour as enter mitosis it can be concluded that the 
normal duration of the pre-mitotic state is about one tenth the dura- 
tion of normal mitosis, i.e,, no more than 5-10 minutes. Again judging 
from the maximiun munber of cells which show fragmentation when 
HN2 is administered after various inhibitors of mitosis one can 
conclude that cells may stay in the premitotic state for an hour or two 
under these conditions. 

The analysis of our experiments furnishes an explanation for the 
fact that rapidly growing tissues are susceptible to injury by mustard. 
It has previously been supposed that cells in mitosis are particularly 
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susceptible. Our studies on the influence of various agents on cells 
already in mitosis show them to be remarkably resistant. The pre- 
mitotic state, on the other hand, is highly vulnerable to some agents-.- 

The -visceral lesions of systemic mustard poisoning appear to concern, 
primarily those tissues in which the mitosis rate is high. It woidd 
seem likely that many of these lesions could be interpreted as the 
results of pathological mitosis and nuclear fragmentation. Certainly 
the changes in the bone marrow suggest such an interpretation. 
To some degree, therefore, tissue susceptibility to mustard may be 
related to the frequency of cells in pre-mitosis in different tissues. 

In the foregoing discussion we have provisionally identified the sus- 
ceptible- state in the corneal epithelium with the state of premitosis. 
The reasons for suggesting this identity are: (1) Nuclear fragmentation 
due to mustard occurs in the corneal epithelium almost exclusively in 
the normally mitosing layer. (2) The morphological steps through 
which nuclear fragmentation develops bear certain analogies to the 
prophase of normal mitoses and are associated with an increase in the 
Feulgen positive material in' the chromatin. (3) Various non-specific 
processes which inhibit the mitotic process, — ^low temperature, anoxia, 
washing the tissue in inert solutions, — also prevent the development 
of nuclear fragmentation. (4) Certain drugs which, without causing 
major damage to the tissue, inhibit the visible onset of mitosis and 
facUitate the accumulation of cells in the susceptible state. (5) Some 
other tissues, (e.g. bone marrow) -with a high mitotic rate, are particu- 
larly susceptible to injury by mustard and show evidence of a similar 
mode of cellular death. 

While the arguments listed above are cogent, though not conclusive, 
in respect to the phenomena we have studied in the corneal epithelimnj 
it must be. definitely stated that this argument cannot be generally 
extended to other tissues. Certain exceptions can already be noted.- 

The endothelium of the cornea has a low rate of mitosis, in fact 
we have never seen a mitosis in this tissue though mitotic di-visions 
may occur during regeneration folio-wing injuries. Nevertheless,; 
after exposure to adequate doses of mustard or HN2, the cells of the 
corneal endothelium in the exposed area uniformly show nudear 
fragmentation. The same uniform susceptibility to this t3q3e of death 
is shown by wandering cells, both monocytes and polymorphonuclear 
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in the rat’s eye. It should be remembered, however, that in human 
beings pain, photophobia, lachrymation, and fine punctate stippling 
of the corneal surface are produced by doses of these toxic agents 
much smaller than those required to produce gross opacification of 
the cornea, loosening of the epithelium and purulent conjunctival 
discharge. These latter signs of a severe necrotizing lesion were the 
ones on which we had to depend for the recognition of clinically evident 
damage in the rat’s eye. It would seem likely, therefore, that the 
irritative symptoms of sub-necrotizing doses in human beings are 
associated with the occurrence of nuclear fragmentation in the epir 
thelial cells. Since more direct evidence of the connection between 
nuclear fragmentation and irritative symptoms is available in respect 
to ultraviolet light burns of the eye, this point wfil not be argued 
further here. 


SUMMARY 

1. Nuclear fragmentation is a mode of cellular death induced in the 
corneal epithelium by threshold doses of mustard and nitrogen mus- 
tard. Most of the experiments reported here were performed with 
HN2, but similar results were obtained with mustard and other 
nitrogen mustards. When the toxic agent is applied in vivo, only cells 
in the basal layers exhibit this type of reaction and only a small per- 
cent of the basal cells are affected, the numbers and location of the 
affected cells being similar in order of magnitude to those normally 
found in mitosis. Increase in the dose of the toxic agent does not 
increase the number of cells showing this mode of death beyond a 
certain low limit. 

2. The cytological changes involved in the development of nuclear 
fragmentation are remarkably similar to those of prophase and 
metaphase in normal mitosis. It is suggested that the phenomenon 
of nuclear fragmentation in these experiments may be a form of patho- 
logical mitosis. . 

3. The development of nuclear fragmentation after exposure to 
mustard is inhibited by lowered temperature and by anoxia. Both 
of these experimental conditions likewise inhibit progress through the 
normal mitotic cycle. Immersion of the tissue in Ringer’s fluid or 
phosphate buffer suppresses the nuclear fragmentation, presumably 
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by extractmg some necessary substances from the tissue. Similar 
immersion likewise suppresses mitosis in this tissue. Supravital 
maintenance in a warm moist chamber for three hours exhausts the 
capacity of the tissue to produce new mitoses. After such supravital 
maintenance, exposure to HN2 fails to produce nuclear fragmentation. 

4. On the basis of experiments reported, it is postulated that the 
passage of cells from the resting state through mitosis involves two 
steps: (a) a state of excitation (pre-mitosis) from which they can enter 
mitosis or return to the resting state; (b) actual mitosis which, once 
begun, carmot be readily reversed. Experiments with mustard and 
nitrogen mustard applied to the cornea, under conditions of mitosis 
inhibition by various other agents, demonstrates that nuclear frag- 
mentation does not result from injury by mustard to cells already 
in mitosis, but that it is probably the cells in pre-mitosis which, on 
exposure to mustard, undergo nudeaf fragmentation. The pre- 
mitotic state is not the sole and sufl&cient condition for susceptibility 
to nudear fragmentation from exposure to mustard. There are some 
tissues, for instance the corneal endothelium , whose cells show a uniform 
susceptibility to this type of injury in spite of a very low rate of mi- 
tosis. There are other tissues, for instance the liver, whose cells 
show a high resistance to this type o| injury in spite of a high rate of 
mitosis induced by partial hepatectomy. On the other hand, the 
bone marrow and intestinal mucosa show both a high susceptibility 
to nuclear fragmentation and a high rate of mitosis. 

5. A simple hypothesis that will explain the present findings is that 
cells in pre-mitosis are, after exposure to mustard, unable either to 
enter normal mitosis or to return to the resting state, and that after 
being held in the pre-mitotic state unduly long they proceed into a 
pathological mitosis which ends in nuclear fragmentation. This 
h)^othesis presupposes that the pre-mitotic state is an unstable one 
in which the cell cannot long maintain its equilibrium. An alternative 
h 3 rpothesis is that exposure to mustard directly damages cells in 
the pre-mitotic state and thus induces the pathological process leading 
to nuclear fragmentation. 

6. Brief exposure of the tissue to hypotonic solution, to solutions of 
low pH, and particularly to HN2 dissolved in hypotonic solutions of 
low pH, greatly increase the number of cells susceptible to this injury. 
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VI. NOTE ON KARYOLYSIS OF THE CORNEAL 
STROMA CELLS* , . 

JONAS S. FRIEDENWALD 

It was noted in the preceding paper that wandering cells normally 
present in the corneal stroma of rats’ and beef eyes undergo nuclear 
fragmentation upon exposure to mustard and nitrogen mustard, but 
that the stroma cells, sometimes called corneal corpuscles or kerato- 
cytes, do not show this mode of death. With adequate, dosage the 
stroma cell nuclei swell, become pale staining with margination of the 
chromatin, and eventually burst (Figs. 1-4). Evidence' of this type 
of change can be seen in ordinary histological sections as noted in 
one of the preceding papers (1). These phenomena are seen' only at 
dosage levels that cause easily recognizable clouding of the cornea and 
often cause permanent corneal scarring. Similar modes of death of 
the corneal stroma cells are seen with a wide variety of injurious 
agents, — arsenicals, alkali burns, freezing, etc. 

The phenomenon can be observed in enucleated eyes kept in a moist 
chamber in the incubator, in which case infiltration with inflammatory 
cells is avoided and the histological picture rendered more simple, and 
is most readily observed in flat sections of the tissue or in flat prepara- 
tions such as were used in the previous paper. For the latter purpose 
the tissue, after fixation, is soaked for one hour in a saturated aqueous 
solution of amyl alcohol. After removal from this solution the corneal 
epithelium and endothelium are found to be markedly loosened and 
can readily be wiped off, yielding a clean preparation of the corneal 
stroma which can be stained, cleared, and mounted without section- 
ing. Most of the experiments reported in this paper were performed 
on rats. If only the cornea is incubated in a moist chamber neither 
swelling nor bursting of the nuclei is observed. If corneas, previously 
exposed to mustard or nitrogen mustard, are incubated not in a moist 
chamber but in physiologic saline solution, the stroma nuclei swell 
but do not burst. If normal corneas with uninjured epithelium and 

* The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the Office of 
Scientific Research and Development and the Johns Hopkins University. 
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Fig. 1 Fig. 2 


Fig. 1. Stroma cells of rat’s cornea incubated 7 hours in phosphate buffer 
(control). The denuded corneal stroma was fixed, stained, and cleared without 
sectioning. 

Fig. 2. Stroma cells of rat’s cornea incubated 9 hours in phosphate buffer 
after e.\posure to nitrogen mustard. Same magnification as Figure 1. 



Fig. 3 Fig. 4 

Fig. 3. Same as Fig. 2, incubated for 12 hours showing bursting nuclei. 
Fig. 4. Same as Fig. 2, incubated for 16 hours. Only nuclear debris remains. 
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endothelium are incubated in saline very little swelling of the stroma 
nuclei takes place, but if normal corneal stroma denuded of endo- 
thelium and epithelium is incubated in saline the stroma nuclei swell 
but do not burst. 

These observations lead to the conclusion that extra fluid must enter 
the corneal stroma in order to enable the stroma nuclei to swell. As 
long as the epithelial and endothelial barriers remain normal, the 
normal state of detergescence of the corneal stroma is maintained even 
supra vitally (2). If, however, these barriers are injured then swelling 
of the nuclei can take place. All of the agents, which in our experi- 
ence cause swelling of the stroma nuclei, cause a loosening and eventual 
sloughing of the epithelium and endothelium. However, normal 
stroma nuclei in the presence of available fluid swell but do not burst. 
Consequently, after exposure to mustard and other similarly injurious 
agents the fragility of the nuclear boundary is greater than normal 
and the nuclei burst. The fact that this bursting of the nuclei occurs 
in vivo or on incubation of the whole eye, but not on incubation of 
the isolated cornea, indicates that the ocular tissues or fluids provide 
some factor, possibly a metabolite, necessary for this pathological 
process. 

It was of interest to discover whether the increased fragility of the 
stroma nuclei was an immediate or delayed effect of the toxic injury. 
Experiments were performed in which the corneal endothelium in 
enucleated eyes was injured mechanically and the eyes then kept for 
16 hours in a refrigerator. At the end of this period samples were 
examined and the stroma nuclei were found swollen but not bursting. 
Some of these eyes were then exposed to HN2 hydrochlorid and 
incubated in a moist chamber at 37°C. Samples removed for histo- 
logic study at varying intervals showed that the bursting of the 
swollen stroma cell nuclei occurred about 10 hours after exposure to 
the HN2, that is at about the same time following exposure as in 
experiments in which there was no corneal oedema at the time of 
exposure. 

Nuclear fragmentation and karyolysis are not the only modes of 
cellular death following exposure to mustard. With very large doses 
of mustard or nitrogen mustard pycnosis of all types of corneal cells 
is observed, increasing in frequency with increasing dosage. 
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VII. THE ADHESION OF EPITHELIUM TO STROMA IN 

THE CORNEA* 

HEINZ HERRMANN and FAY H. HICKMAN 

The advantages of the cornea as a test object for the study of cel- 
lular physiology are demonstrated by investigations in many fields. 
The geometrical simplicity of its structure and the toughness of its 
connective tissue stroma render it almost uniquely favorable for the 
study of certain aspects of cellular cohesion. The cohesion of cells 
and tissues is one of the fundamental factors in the biological or- 
ganization, However, the phenomena concerned with cellular cohesion 
have been the subject of only a few experimental studies. Fenn (1) 
measured the adhesiveness of leucocytes to various solid surfaces, 
such as glass and carbon. Fenn (2) and several other authors (3, 4) 
have attempted to relate the magnitude of the adhesive forces to the 
decrease of the surface tension. 

Our experiments deal with the cohesion of the basal layer of the 
epithelium to the stroma of the cornea. The bulk of the stroma is 
made up of collagen fibres which give to the stroma its great mechanical 
strength. The stroma cells lie scattered between the collagen bundles 
and are entirely absent in the most superficial layers of the stroma. 
In several species the epithelium is separated from the stroma by a 
distinct membrane known as Bowman’s membrane, but in some 
species this membrane is absent. In the beef corneas, which were 
used in our experiments, no morphologically distinct Bowman’s 
membrane is present. 

An epithelium supported by and adherent to a fibrous stroma is a 
very common pattern of histological organization. In most cases 
the epithelium and the stroma form a morphologically complex aggre- 
gate, as for example the tubules in the kidney, the acini in various 
glands, and the villi in the intestine. In the cornea the separating 
boundary between stroma and epithelium forms a smooth plane of 
simple configuration. This simplicity of the boundary and the leath- 

*The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the OfiSce of 
Scientific Research and Development and the Johns Hopkins University. 

182 



EPITHELIUM ADHESION TO STROMA IN CORNEA 


183 


ery consistency of the stroma make it possible to remove the epi- 
thelium quantitatively and measure the adhesive forces under different 
experimental conditions. 

TECHNIQUE 

a. Measurement of Adhesion. Under certain experimental and 
pathological conditions the adhesion of the epithelium to the stroma 



— 16 cn. ' ■■ — y 

Fig. 1. Scraper for Testing the Adhesion of the Corneal Epithelium 
s. scraper blade 
c. corneal strip 
w. sliding wood block 

is so greatly reduced that the epithelium can be wiped off with great 
ease, and may, in fact, be displaced by a gentle blink of the lids. 
In order to place this qualitative observation on a more objective 
and quantitative basis a simple mechanical scraper was used. 

The scraper (Fig. 1) consists of a blade (S) of rustless steel attached 
to a lever arm. The blade is 0.2 mm. thick and the scraping edge is 
bevelled at an angle of about 70°. By lowering the lever arm the 
blade can be brought to rest on a comeal strip (C) secured by a staple 
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to a smooth wooden block (W). The pressure exerted on the cornea 
by the blade can be varied by changing the position of a weight on 
the lever arm to which the scraper is attached. A brass cylinder 
weighing 99.5 gm. was used as a weight. The force with which the 
blade rests on the cornea was determined by means of a balance for 
the unweighted lever and for 5 standard positions of the weight. 
The pressures used were 40, 60, 95, 110, 165, 200 gm. respectively. 

Corneal strips, about 8 mm. in width, were excised along the great- 
est diameter of beef corneas. The width of the corneal strips were 
kept as uniform as possible in order to avoid variation in the bearing 
surface on which the scraper blade rests. The corneal strip which was 
to be tested was fastened at one end to the wood block by means of 
an ordinary wire staple, and straightened and flattened out with a 
'glass rod moistened with physiologic salt solution. The scraper blade 
was then lowered to the corneal surface as near to the staple as pos- 
sible. The bevelled edge of the blade faces toward the staple; the 
vertical edge faces the free corneal surface. By thrusting the blade 
through the epithelium to the surface of the stroma, the epithelium 
can be incised and an upright epithelial edge established. The blade 
was then once more lifted above the epithelial surface, the weight on 
the lever arm adjusted to the desired position, and the blade reinserted 
into the incision. The wood block with the attached strip of the 
cornea was then pushed under the scraper (Fig. la). Depending 
upon the weight of the lever and upon the adhesion of the epithelium, 
the blade will either glide over the edge of the incision in the epithel- 
ium and slide over the surface, or the epithelium will be pushed off 
in front of the blade, which then moves along the surface of the 
stroma. The speed with which the wood block is pushed under the 
blade is not critical within wide limits. We completed one stroke in 
approximately one half second. In removing the epithelium with 
the scraper the separation generally takes place at the boundary be- 
tween stroma and epithelium and not between the epithelial layers 
themselves. The removal of very small areas of epithelium can readily 
be recognized since the glossy appearance of the epithehum is replaced 
by the dull stroma surface. 

The epithelium which has been removed with the scraper can be 
collected without difficulty. Any epithelium which remains adherent 
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less than 90 grams very little epithelium is removed in the standard 
procedure. With a scraping weight of 200 gms. a large part of the 
epithelium is removed (Fig. 3). When the adhesion of the epithelium 
to the stroma is decreased, under certain experimental conditions 
the critical range of the scraping weight which causes the disruption 
of the cohesive forces is found at a lower range than in the normal 
controls. By measuring the per cent of epithelium removed with 
different scraping weights the range of this critical zone can be deter- 
mined. 



Fig. 2 Percent of Epitheuom Removed with Increasing Number of Strokes 

b. Manipulation and maintenance of the cornea. Beef eyes obtained 
from the slaughter house arrived at the laboratory not longer than 
three hours after the death of the animal.^ Each eye was washed 
shortly with running lukewarm tapwater. Eyes with opacities, cuts, 
or other defects on the cornea were discarded. 

Some tests were conducted by immersing the excised cornea directly 
in 25-50 ml. of various solutions.- The controls in these tests were 

^ We are deeply indebted to the management and employees of Schluderberg- 
Kurdle Co., meat packers who supplied us with the beef eyes and who spared no 
effort to enable us to obtain the material in the freshest possible state. 

* If not indicated otherwise all solutions were adjusted to a pH of 7.2-7.4. 
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by injection of 0.25 ml. of such solutions, and the slight bulging and 
opacity of corneas which follows the injection disappears almost 
completely on subsequent incubation. A smooth surface is of im- 
portance for a satisfactory test with the scraper. 

In case a longer maintenance was desired the injected corneas were 
excised and washed by dipping them three times into a beaker of 
physiologic saline. The excess fluid was drained off, and the corneas 
were placed on filter paper (epithelium upwards) for a more complete 
drainage of excess fluid, and covered with a petri dish for protection. 
Adherent drops of fluid were removed by cautiously touching the rim 
of the cornea with a filter paper. Contact between epithelium and 
filter paper to any greater extent should be avoided. The corneas 
were then transferred to a watchglass with the epithelium upwards, 
trapping, if possible, an air bubble, so as to avoid contact between 
the corneal endothelium and the glass, and maintaining the natural 
convexity of the tissue. As many as 30 corneas were placed on one 
16 cm. watchglass. 

The watch glass was placed in a glass jar (20 cm. in diameter, 20 
cm. in height) with a well fitting lid. The proper humidity can be 
obtained by placing several layers of wet paper towels imder the lid. 
At a proper degree of humidity the corneas should neither be dehy- 
drated to such an extent that the rims stick to the glass, nor should 
water of condensation form on the surface of the epithelium. This 
latter precaution is of great importance for a satisfactory maintenance. 
We observed that any free fluid, especially on the upper epithelial 
surface of the cornea, greatly increases the incidence of bacterial con- 
tamination, which is the main danger to the successful maintenance 
during a longer incubation period. Fortunately very small bacterial 
colonies can be detected as little gray spots on the transparent tissue. 
Infected corneas were discarded. The resistance of the uninjected 
cornea to bacterial contamination must be considerable. Working 
without special precautions of sterility, infection was rarely observed 
even after incubation for 20 hours at 32'’C. and it was extremely rare 
at an incubation temperature of 29°C. The incidence of infection 
was somewhat more frequent with injected corneas. However, the 
use of sterile instruments, sterile wash fluid and glassware, and face 
masks during the preparation of the cornea decreased the incidence 
of infection. 
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The adhesion of the epithelium in uninjected corneas remains prac- 
tically unaltered during incubation at 29°C. for 20 hours. Increase 
of the incubation temperature above 35°C. decreases the adhesion 
slightly and promotes the development of bacterial colonies. The 
adhesion of the epithelium in corneas with injected fluid in the stroma 
is more affected by incubation. In about one third of the samples 
the critical pressure drops to 80-100 grams. However, even in 
these samples the amount of epithelium removed at 40 grams is always 
less than 35%. It is advisable to use rather large numbers of corneas 
in each experiment, and to determine the effect of the tested substances 
not with a single dose but preferably by defining the highest ineffective 
and the lowest effective concentration, and to carry along a sufficient 
number of controls. The controls are injected with a saline solution 
of appro.ximately the same tonicity as the solution injected into the 
experimental samples. If such precautions cannot be applied, an 
effect should not be regarded as significant unless more than 70% 
of the epithelium is removed at a pressure of 40 gms. 

RESULTS 

With the method described in the preceding paragraphs, we tested 
the influence of various experimental factors upon the adhesion of 
the epithelium. 

1. Temperature. The corneas were exposed for different lengths of 
time to a wide range of temperatures, and the effect was tested im- 
mediately after termination of the exposure, and also after a subse- 
quent incubation period of 20 hours at 29°C. 

The effect of higher temperatures was tested by placing the corneas 
in warmed solutions of 0.9% NaCl. At 52°C. the tissue becomes 
hazy and the epithelium is rapidly loosened. Within ten minutes 
the critical scraping pressure drops to below 40 grams. Exposure to 
45°C. for half an hour produced no immediate effect and none was 
observed on subsequent incubation at 29°C. However, continuous 
e.xposure to 45°C. for many hours produces a gradual loosening of the 
epithelium. 

For the exposure to low temperatures, the corneas were put into 
petri dishes. No fluid was added but the dishes were covered with 
wet paper towels in order to maintain adequate humiditj'. The 
petri dishes were kept for the desired length of time in the main 
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compartment of a refrigerator at — 2°C. or in a freezing unit at -15°C. 
After exposure for one hour to — 2°C. no effect could be noticed. 
After freezing of the corneas at — IS^C. and subsequent thawing, 
the critical scraping pressure was found to be normal, but with sub- 
sequent incubation for 10 hours at 29°C. marked loosening of the 
epithelium developed (Table l). 

2. Hydrogen Ion Concentration and salts. Corneas were bathed 
for one hour in physiologic saline, the pH of which was adjusted 
(color indicator) to a desired value by addition of N/1 HCl or NaOH. 
Glycine buffer of equal molarity was used instead of saline for the 
establishment of pH 11 and 12. Three to five corneas were used 
for each test. The pH of the solutions shifts slightly within the first 

TABLE I 


Effect of Temperature on Adhesion of tlx Epitlxlium 


TEia>EEATUI£ IK °C. 

TESTED DOCEDIATELY 

TESTED ATTEE INCUBATIOK 

AT 29*C. TOE 20 EOUES 

Pressure 
ia grams 

% Epithelium 
removed 

Pressure 
in grams 

% Epithelium 
removed 

52° for 10 min. 

40 

98, 96 



45° for 30 min. 

95 

30 

95 

20,25 

— 2° for 60 min. 

95 

21 

95 

20,49 

— 15° for 15 min. 

95 

35 

40 

98 

— 15° for 30 min. 

95 

28 

40 

95 


half hour due to the buffer- capacity of the corneas and has to be 
readjusted. After one hour the corneas were removed from the 
bath, drained briefly and tested with the scraper. 

Over a wide range of the pH scale no significant effect was observed 
(Table II). In strongly acid and alkaline solutions much epithelium 
was removed at a pressure of 95 grams, but these results were due to 
its complete disintegration rather than to a removal at the boundary. 
At pH 12 the epithelium is transformed into viscous strands, and at 
pH 1 only the superficial portion of the epithelium was removed leav- 
ing a considerable extent of the stromal surface covered by the basal 
layer. The disintegration of the epithelium at low pH seemed to be 
determined not only by the concentration of hydrogen ions, but also 
by the ionic strength as such, for we observed regularly that the 
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epithelium came ofi as a whole at a pressure of 40 grams when the 
N/10 solution of HCl was made up with distilled water (Table III) 
instead of saline. The adhesion was normal or even slightly greater 
than normal when the hydrochloric acid in the bathing fluid was re- 
placed by acids which are characterized by their protein precipitating 
capacity (5, 6). 

TABLE II 


Influence of pE on Adhesion of the Epithelium 


pH 

PKESSUHS IK GftAXCS 

% EPimElIlm KEUOVED 

1.0 

95 

55, 67, 62 

2.0 

95 

29, 44, 33 

3.5 

95 

42, 22, 36 

4.5 

95 

11, 14 

6.3 

95 

18 

7.0 

95 

20 

9.0 

95 

15, 12 

11.0 

95 

91 


60 

43, 38 

12.0 

60 

77, 80 


TABLE ni 

The Effect of Various Protein Precipitating Acids on the Adhesion of the Epithelium 


BXACENTS CSED 0.1 M. 

FKESSUSE XK GSAUS 

% EPITHCLIUII SEUOVZD 

■ Tannic Acid 

165 

12 


200 

66 

Sulfosalicylic Add 

165 

42 

Trichloracetic Add 

165 

48 

Metaphosphoric Add 

200 

53 

Tungstic Add 

165 

59 


Neutral solutions of most of the salts tested were without significant 
effect. Salts of the alkaline earth caused some decrease of the adhesion, 
but the effect could be recognized only if the excess of these ions 
were removed by a prolonged washing of the corneas in saline. Thio- 
cyanate and urea were also somewhat effective (Table IV). Removal 
of calcium either by prolonged washing with saline or by suspending 
the corneas in N/5 oxalate solutions for one hour did not alter the 
adhesion (Table V). 
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;,3i Alcohols. A series of aliphatic alcohols was compared by bath- 
ing; the, cornea for one hour in solutions of these compounds in 0.9% 
saline. The members of this series with the longer carbon chains 
were far more effective than the homologues with a small number 
of,, carbon atoms. Polyalcohols such as glycerol and sucrose were 
ineffective. In fact, on adding glycerol to butyl alcohol, the loosening 

TABLE IV 


Effect of SoluUons of Variotis Substances on the Adhesion of the Epithelium 
Corneas placed for 1 hour in M/1 .solution at pH 7 


iKErrEcriVE 

I 

LOSS OF ADHESION 

Sodium Chloride 

Sodium Sulfate 

Calcium Chloride 

Potassium Chloride 

Sodium Bisulfite 

Barium Chloride 

Potassium Iodide 

Sodium Thiosulfate 

Strontium Chloride 

Sodium Fluoride 

Sodium Nitrate 

Potassium Thiocyanate 

Potassium Bromide 

Disodium Phosphate 

Urea 

Sodium Acetate 

Mono Sodium Phosphate 


Glucose 

Ferric Chloride 


Sodium Citrate 

Magnesium Sulfate 


Sodium Oxalate 

Copper Sulfate 


Glycerol 

Lanthanum Nitrate i 

I 



TABLE V 


Adhesion of tlie Epithelium after Bathing of the Corneas for 1 hour in Solutions of Various 

I Otis i}- 


REAGENTS USED 

PRESSURE IN GRAUS 

% EPrraEi.nnt semoved 

Calcium Chloride, 1.0 M, pH 6.5 

95 

95 


40 

51 

Lithium Sulfate, 1 M, pH 6.8 | 

95 

21,9 

Sodium Oxalate, 0.2 M, pH 6.8 

95 

11, 13 


effect of the latter could not be detected if tested unmediately after 
the treatment. However, this antagonistic action disappeared, and 
a coiiiplete loss of adhesion occurred if the samples were washed with 
salifi^ hnd the excess of glycerol was removed. Glycerol was ineffec- 
tive' as an antagonist if it was applied, not simultaneously, but sub- 
sequently to the treatment with butyl alcohol (Table VI). 
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4. Butyl derivatives. In view of the efficacy of butyl alcohol, we 
tested some other derivatives of the butyl radical. Butyric acid and 
butylamine in IM concentration are ineffective at a pH of 6.5. How- 

TABLE VI 


Ejffecl of Alcohols on Adhesion of the Epithelium 


HEAGENT USED 

PEESSUEE IN GRAMS 

% EPITHELIUM EEUOVED 

Methyl alcohol 

95 

18 

10 M 



Ethyl alcohol 



10 M 

40 

65 

5M 

95 

63 

2.5 M 

95 

24 

Peopyl alcohol 



5M 

40 

88 

2.5 M 

40 

81 

1.2 M 

95 

25 

Butyl alcohol 



0.5 M 

40 

98 

0.25 M 

95 

15 

0.12 M 

95 

11 

Amyl alcohol 

1 { 


0.2 M 

40 

92 

0.1 M 

95 

17 

Glycerol 



1 M 

95 

16 

Glycerol 1 M 



+ 



Butyl alcohol 0.5 M (tested immedi- 

95 

43, 34 

ately after treatment) 



Glycerol 1 M 



+ 



Butyl alcohol 0.5 M (tested after 

40 

95, 87 

washing in salin?^for 1 hour) 




ever, at pH 2 butyric acid is somewhat more effective than the alcohol, 
and at pH 4.5 it has a slight effect. Butyl amine is ineffective up to 
pH 8.5. At still higher pH butyl amine becomes insoluble. 
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An enhancement of the efficacy of butyl alcohol by the introduction 
of a chlorine atom is seen in comparing butanol with chlorobutanol, 
and ethanol with ethylene chlorhydrin. Amother related compound, 
chloral hydrate, is somewhat less effective as a loosening agent. 

The ether of butyl alcohol with ethylene- or diethylene glycol is as 
effective as butyl alcohol. Polyglycols themselves up to a chain 
length of nine carbons have no loosening effect but, on the contrary, 
they seem to increase the cohesion of the tissue. 

5. Detergents. Butyl alcohol and the derivatives tested contain 
both hydrophilic and hydrophobic groups assymetrically arranged 
in the same molecule. We have extended our tests to compounds in 
which this assymetry is even more pronounced. Such substances are 
generally classified as detergents. Mannitan laurate was used as 
as example of a neutral detergent. The hydrophilic group in this 
compound is a poly-alcohol. In concentrations up to IM it had no 
effect on the adhesion of the epithelium to the stroma. 

In the anionic detergents which we used, the hydrophilic group is a 
sulfate or sulfonate radical. These substances do not loosen the 
epithelium from the stroma but gradually transform the epithelium 
into a slimy mass. The process starts in the superficial layers of the 
epithelium. If it is interrupted at an early stage, the basal layer 
is found still intact and firmly adherent. This phenomenon seemed 
unrelated to that which we were studying and was not investigated 
further. The lowest concentration at which this effect was observable 
was found to be between 0.1 and 0.01 M. 

In the cationic detergents the hydrophilic group is a quaternary 
ammonium or pyridinium radical. Three of the four substances in 
this group which we tested caused a loosening of the epithelium. 
With the substances the effect was somewhat different from that 
produced by butyl alcohol. The epithelium became hazy and fragile 
and did not peel off in a coherent sheet. With the lower concentra- 
tions the effect seemed to be confined to the superficial layer of cells. 
The lowest effective concentration was about 0.005M (Table VII). 

6. Enzymes. Solutions of the various enzymes were injected into 
beef corneas and the tissues incubated at 23-24°C. for 4 hours or 
more, after which the adhesion of the epithelium to the stroma was 
tested. Recrystallized samples of trypsin and chymotrypsin were 
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kindly supplied by Dr. R. Herriott (Rockefeller Institute, Princeton) . 
They were obtained in the form of ammonium and magnesium sulfate 

TABLE vn 


Effect of Various Substances on the Adhesion of the Corneal Epithelium 



1.0WIST MOLAX CONC. EF 

PECTIVE IN LOOSENING 

EPITHELiru 

• HIGHEST KOLAH CONC. 
WHICH FAILED TO LOOSEN 
EPITHELIUU 

A. Alcohols and Related Compounds 



Butanol 

0.5 

0.2 

But5Tnte 



pH 2 

0.3 

0.1 

pH 4.5 

1.0 

0.5 

pH 6.5 


1.0 

Butylamine 



pH 7 


1.0 

pH 8.5 


1.0 

Chlorobutanol 

0.06 

0.03 

Ethylenchlorhydrine 

0.5 

0.25 

Chloralhydrate j 

1.2 

0.8 

Butylcellosolve | 

0.5 

0.2 

CH,(CHj),0CH,CH20H 



Butylcarbitol 

0.5 

0.2 

CH,(CH,)iO(CHi)sO(CHj)sOH 



Diethyleneglycol 


3.0 

OHCH,CHjOCH,CHjOH 



Nonaethyleneglycol 


3.0 

HO(CHjCH,0)ai 



B. Neutral Detergents 



Mannitan laurate 


1.0 

Mannitan lauric add ester Atlas Co. 



C. Catiomc Detergents 



Zephiran (Alba Pharmaceutical Co.) 

0.005 

0.002 

Alkyl dimethyl benzyl ammonium 



chloride (alkyl = Cs — Cu) 



Triton K-60 (Rohm and Haas) 


0.2 

Lauryl dimethyl benzyl ammonium 



chloride 



Emulsol 607 

0.005 

0.002 

Lauric acid ester of colamino-formyl 



methyl p}Tridinium chloride 



Emulsol 607 M(Emulsol Co.) 

0.005 

0.002 

Myristic add ester of colaminoformyl 



methyl pyridinium chloride 
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TABLE Vll-Continued 




HIGHEST KOIAK CONC. 
WHICH EAIIED TO MOSEN 
EPITHELIUM 

D. Anionic Detergents 

Duponel (E. I. duPont de Nemours) 
Sodium lauryl sulfate 

Drene (Proctor and Gamble) 
Triethanolamine lauryl sulfate 

Igepon AP (General Dyestuffs) 

R— COO— (CH2)2SO,Na 

Triton W-30 (Rohm and Haas) 

Sodium salt of alkyl phenoxy ethyl 
sulfonate 

Tergitol-7 (Carbon and Carbide Corp.) 
C 4 H, • CH • (CjHs) ■ C 2 H 1 • CH(S 04 Na)- 
C2H4CH(C2H6)2 

0.005 

0.005 

0.005 

0.005 

0.005 



^LOWEST MOLAR CONC. EF- 

FECTIVE IN LOOSENINO 

EPITHELIUM 


E. Enzymes 

Trypsin 

Chymotrypsin 

Hyaluronidase 

Ribonuclease 

Pancreatic lipase 

5-10 mg./comea 
5-10 mg./cornea 

0.5 mg./comea 
0.5 mg./cornea 

1 mg./comea 

1 mg./comea 
Activities see text 


cakes. Solutions of these preparations were dialyzed against running 
tap water for 6 hours and then overnight in the icebox against 0.9% 
saline. The protein content was determined by precipitating the 
protein in an aliquot of the dialyzed sample with trichloracetic acid 
and determining the nitrogen content in the thoroughly washed 
precipitate. A recrystallized preparation of ribonuclease was also 
obtained from Dr. R. Herriott. A purified and highly active sample 
of hyaluronidase prepared from bull testis was supphed by Dr. K. 
Meyer, Columbia University. Pancreatic lipase was prepared and 
purified by Dr. M. Bovarnick (Department of Biochemistry,, Johns 
Hopkins Medical School). The amounts of this preparation which 
were used for injection hydrolyzed triacetin equivalent to 0.7 ml. of 
N/10 NaOH and tributyrin equivalent to 3.9 ml. N/10 NaOH per 
hour at 37°C. The enzyme was free from proteolytic activity. From 
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Table VII it can be seen that among these enzymes only trypsin and 
ch3miotrypsin cause a decrease of the adhesion under our experimental 
conditions. 

7. Inhibition of metabolism. The role of oxygen for the maintenance 
of the tissue cohesion was assayed by incubating the corneas under 
anaerobiosis. A desiccator was used as moist chamber for the pre- 
servation of the cornea. After placing the corneas inside, the vessel 
was evacuated for ten minutes to a pressure of 50 mm. Hg. After- 
wards the desiccator jar was placed in an incubator and connected 
with a tank of nitrogen or a mixture of 95% N 5% CO2. The gases 
were purified by passing through an alkaline pyrogallol solution or 
over copper wire at 500°C. A gentle flow of the gas was maintained 

TABLE vrn 


Adhesion of the Epithelium after Injection of Cyanide and Malonate and Incubation at 2P°C. 


REAGENT INJECTED PEE COENEA pH 7.0 

INCUBATION TIME 
HOUES 

PBESSUSE m GEAUS^ 

1 

% EPITHEI.IUM RE- 
MOVED 

Sodium Cyanide 

12 

95 

31 

1 mg. 

20 


25 

(approximately 0.02 M) 




5 mg. 

12 

95 

12 

(approximately 0.1 M) 

20 


IS 

Sodium malonate 




2 mg. 

20 

95 

25, 35 

(approximately 0.08 M) 





throughout the incubation period. After anaerobic incubation for 20 
hours the corneas were perfectly clear and the epithelium showed the 
same adhesion as the controls. Incubation for 10 hours anaerobically 
and for the subsequent 10 hours aerobically was likewise without effect. 
The insensitivity of the adhesive mechanism to the availability of 
oxygen is demonstrated also by another experiment in which cyanide 
was injected in amounts up to 5 mg. per cornea, equivalent to a con- 
centration of approximately 0.1 M. Again no sign of loosening was 
detectable, and malonate (which is supposed to inhibit succindehydro- 
genase) was also without influence (Table VIII). 

On the other hand a great decrease of the adhesion can be observed 
after injection of iodoacetate and fluoride (Table IX and Fig. 4) 
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TABLE IX 


Ejffect of lodoacetate and Fluoride on the Adhesion of the Epithelium 


REAGENTS INJECTED 

INCUBATION AT 32*C. POR 12 
HOURS 

INCUBATION AT 29®C. TOR 20 
HOURS 





Fluoride, 0.3 mg. per cornea (ap- 

40 

90 

40 

87, 92 

(proximately 0.007 M) 

40 

50 

40 

49 

0.1 mg. 

60 

76 

60 

61 


40 

28, 20 



0.03 mg. 

60 

17 

60 

18, 37 

lodoacetate, 0.03 mg. per cornea 

40 

96, 93 

40 

, 61 

(approximately 0.001 M) 





0.01 mg. 

60 

35 

40 



95 

56 

60 

14 

0.003 mg. 

60 

22 

60 

28 


95 

31 





SORAPINQ PRESSDHi: IN GRAJiS 

Fig. 4 Effect of Iodoacetate and Fluoride on the Adhesion of the Corneal 

Epithelium 

which are known primarily as inhibitors of reactions in the glycolytic 
pathway. The effect in respect to the loosening of the epithelium 
developed after a lag period of about 6-10 hours. At lower incuba- 
tion temperatures the effect decreased markedly (Table X). 
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DISCUSSION 

a. Method: Our method for the measurement of the adhesion of 
the epithelium of the corneas has been developed on a purely empirical 
basis. Closer analysis shows that the connection between our figures 
and the adhesive forces is an indirect one, as may be seen from the 
following simplified scheme of the process of separation. 

Adhesion of epithelium to stroma is here defined as the force with 
which the epithelium resists mechanical removal from the stroma. 
For a direct determination of the adhesion it would be necessary to 
measure the forces which are required to pull the epithelium from 
the stroma. Such a force could be applied either in a direction vertical 

TABLE X 


The Effect of Tncubalion and Temperature upon the Loss of Adhesion Caused by the Injection 

of Fluoride and lodoacetate 


REAGENT INJECTED PER CORNEA 

18*C. 

1 

29°C. 

Pressure in 
grams { 

% Epithelium 
removed 

Pressure in 
grams 

% Epithelium 
removed 

Sodium fluoride 

j 




0.12 mg. 

40 ■ 

4, 17, 22 

40 

96, 87, 81 


60 

21, 16 




80 

26 



0.25 mg. 

Sodium lodoacetate 

40 

33, 24 

40 

79, 80 

0.5 mg. 

40 

10, 33 

40 

73. 89 


60 

19, 29 

40 

85, 84 


95 

23, 57 

40 

88, 87 


to the surface of the epithelium, or as a shearing force parallel to 
the stroma surface. As long as the adhesion of the epithelium is 
normal, or only moderately decreased, it is hardly possible to remove 
any epithelium by pulling vertically to the corneal surface. Only 
when the tissue has completely lost its cohesion can the epithelium 
be pulled off in large flakes or in one whole sheet, (e.g. after bathing 
in butyl alcohol or after incubation with higher doses of iodoacetate 
or fluoride). Therefore, only the second alternative seemed prac- 
ticable. If the epithelial edge, towards which the pushing force of 
the scraper is directed, stands perpendicular to the surface of the 
stroma, the values obtained for this force should be a direct measure 
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of the adhesive forces (Fig. 5). Actually the contact angle between 
stroma and epithelium will be greater than 90°, In this case the 
force with which the epithelium will counteract the pressure of the 
scraper (R') will be represented by two components (see Fig. 5), 
The one {a) counteracting the horizontal force of pressure, the other 
{b) acting on the blade in vertical direction. By sphtting.R' into two 
components {a and b) two magnitudes should become available as 
indices of the adhesion. The possibility of measuring component 
{a) by determining the force which is necessary to pull the scraper 


PEESSDKE 



EPrrHELina 

STHOia 


PRESSTOE 


EiADi; 


I 




EPIIHEUU! 

STKOUi 


THHOST 

Fig, S Forces Involved in Scraping off Epithelium 


over the surface of the stroma eliminating by a suitable weight the 
action of component (&) seems hardly feasible since the friction on the 
stroma surface would be of a comparable order of magnitude. In our 
procedure component (&) is measured by determining the weight which 
is required to keep the blade on the surface of the stroma while the 
epithelium is removed. An uncontrolled variable in determining 
component (6) is the contact angle between epithelium and stroma. 
This angle will depend upon the turgescence and general condition 
of the epithelial cells. Our practical experience shows, however, 
that these variables do not interfere with the results of our relatively 
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crude measurements. We observed the same difference in the adhe- 
sion between experimental samples and controls in direct measure- 
ments, and after fixation of the corneas in 5% trichloracetic acid, 
during which differences in the state of the epithelial cell and its 
turgescence should have been eliminated. We were unable to detect 
a difference in the water content (as index of turgescence) of control 
and experimental samples after iodoacetate injection which caused 
a complete loss of the adhesion of the epithelium. Although it 
appears that the differences in our measurements indicate actual 
differences in the cohesion of the tissues, turgescence and the other 
factors which influence the contact angle would have to be considered 
if smaller variations in the adhesion than those which are described 
in our experiments were to be measured. 

b. Results: With our experiments we attempted to obtain some 
information about the physical or chemical basis of the adhesion of 
the epithelium to the stroma. The aggregation of single cells in 
multicellular organisms requires either the presence of an enveloping 
extracellular coat, or cohesion of the cells to one another. These two 
principles have been sharply contrasted in an extensive study by 
Holtfreter (7) who pointed out that the cells are bound together by 
an external coat at early stages of the embryonic development, whereas 
the cell surface proper becomes the site of cohesion at more advanced 
stages of differentiation. An instance where a more or less specific 
intercellular cement is supposed to provide the connecting element 
between cells is the capillary endothelium (8). Great significance 
has been attributed to this substance in relation to the fragility of 
the capillary wall. 

The chemical quahties of the external coat are badly defined, and 
only a few of its properties have become known (9). It is greatly 
altered by a change of the pH from 6.4 to 8.0, and is stable only 
in the presence of calcium ions. Experiments with these agents failed 
to loosen the epithelium of the cornea. The removal of calcium by 
washing the cornea with oxalate solution has no noticeable influence, 
and the adhesion remains unchanged over the greater part of the pH 
scale. Therefore, it seems unlikely that the epithelium is attached to 
the stroma by a material which is similar to the external coat of 
developing eggs or to the intercellular cement of the capillary waU. 
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It would seem more likely that the adhesion in the case of the cornea 
epithelium is a property of the cell surface itself, or of the surface of 
the collagen bimdles of the stroma. 

The stroma has a very high content of a mucopolysaccharide and 
experiments were carried out to ascertain the role of this substance 
as a possible factor for the adhesion of the epithelium to the stroma. 
The mucopolysaccharide of the cornea has been isolated and analyzed 
by Meyer and Chaffee (10) who found it to contain one sulfo group 
per molecule. Sulfonated mucopolysaccharides are acids with great 
affinity to the positively charged groups of the protein molecule. 
At low pH these mucopolysaccharides form insoluble salts with pro- 
teins and these salts are not decomposed by comparable concentra- 
tions of anions with lower protein affinity, e.g. chloride (11). How- 
ever, on addition of anions with greater or equal affinity an exchange 
reaction takes place, the characteristics of which are determined by 
the relative affinities and concentrations of the competing ions. On 
the alkaline side of the isoelectric point of the protein component the 
salts undergo dissociation. 

As a first step, we attempted to test the possibility that such an 
acid base linkage across the stroma epithelium barrier might be the 
basis for the cohesion of the tissues. Our experiments, however, 
do not support this assumption. The following data are relevant in 
this connection, (a) In the alkaline range loosening of the epithelium 
does not occur below pH 10. In order to relate this finding to the 
hypothetical acid-base cohesion one would have to assume that ad- 
herent protein has its isoelectric point about pH 10. This is unlikely 
since only the proteins of nucleus are known to have this property, 
(b) If the hypothesis were correct, loosening of the epithelium should 
occur in the presence of anions with strong protein affinity. In 
contrast, we found that such ions cause a slight increase in the adhesion 
of the tissue, (c) Our only experimental finding which would seem 
to be in agreement with the above assumption is the loosening of the 
epithelium in the presence of high concentrations of calcium salts, 
since calcium ions have apparently a considerable dissolving action 
on mucopolysaccharides. However, calcium ions have so many af- 
finities with tissue components that no specific interpretation can be 
offered to explain this finding. It should be pointed out that calcium 
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has, e.g., a high affinity to cephaline in monomolecular layers (12). 
(d) The failure to obtain any effect on epithelial adhesion by any 
other of the many ions we have tested also speaks against the hypo- 
thesis of an acid base linkage between stroma and epithelium, (e) 
The participation, in particular, of strongly ionized substances in the 
cornea, such as mucopolysaccharides or nucleic acids is made unlikely 
by the negative results with hyaluronidase and ribonuclease, the 
enz)anes which are supposed to destroy these compounds. 

These negative results are discussed in detail because the rejection 
of an ionic linkage as the basis of the cohesion compelled us to con- 
sider possible non-ionic forces. In experiments with alcohols the 
efficacy was found to increase with increasing length of their aliphatic 
chains. The effect of some alcohols is enhanced by the further de- 
velopment of the hydrophobic portion of the molecule, as for example 
in chlorine substituted compounds. Amplification of the hydrophilic 
group, on the other hand, does not enhance the effectiveness, in fact 
polyalcohols operate in the reverse direction, increasing the adhesion 
of the epithelium and suppressing the loosening effect of butanol if 
added simultaneously to the corneas. 

These findings could be interpreted by assuming that a lipoid layer 
is of significance in the establishment of the adhesive mechanism. 
The presence of lipoids in the surface layer of cells is well established. 
A detailed picture of the molecular pattern of the cell surface has been 
proposed by Danielli and Harvey (13) and has been elaborated on 
by Danielli and Davson (14) and by Danielli (15). The experi- 
mental basis for the hypothesis of these authors was obtained by 
measurement of the surface tension of marine eggs and other mono- 
cellular organisms. According to these authors the cell surface can 
be described as a double layer of lipoid molecules, their hydrophobic 
tails oriented towards each other, and a layer of protein adsorbed 
by their hydrophilic heads. The structure of such a multilayer should 
be markedly disturbed by the addition of long chain alcohols. Thus, 
for example, it may be supposed that the alcohols are absorbed in the 
lipoid double layer as the result of the lipoid affinity of their hydro- 
carbon chains, while at the same time introducing an aqueous phase 
between the two sheets of the lipoid double layer. A possible rep- 
resentation of such a disruption can be found in a paper by Schmitt 
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(16). In suggesting this as a possible explanation for the loosening 
of the epithelium by alcohols we are assuming that the boundary 
between epithelimn and stroma consists of a molecular array similar 
to that suggested by Danielli and co-workers for the individual cell 
of unicellular organisms. In connection with the antagonistic effect 
of glycerol and butyl alcohol on the loosening of the epithelium an 
interesting observation,' mentioned in the discussion (p. 24) of an 
article by Parpart and Dziemian (17), should be referred to. These 
authors found that the penetration of glycerol into red blood cells of 
some species is accelerated by butyl alcohol and in other species sup- 
pressed. It should be pointed out that a disruption of a multilayer, 
such as is described above, could take place at different levels. In all 
cases the phenomenon of the loss of adhesion will appear the same, as 
long as no finer means of differentiation become available. Some 
evidence on this point can be seen in the fact that injection of a solution 
of recrystallized trypsin and chymotrypsin causes a loosening of the 
epithelium which indicates the presence of a protein in the coherent 
multilayer. An interpretation of the adhesion of the epidermis of 
the skin based entirely upon the properties of the collagen of the dermis 
has been advanced in a recent publication by Felsher (18). 

Whatever the molecular arrangement which has to be regarded 
as the direct cause of the cohesion, it is remarkable that aerobiosis 
is not required for the maintenance of the adhesion of the epithelium, 
as demonstrated in experiments under anaerobiosis and after injec- 
tion of cyanide. On the other hand the dependence on anaerobic 
metabolic processes is suggested by the sensitivity of the adhesion 
to iodoacetate and fluoride, two metabolic poisons known to interfere 
with the anaerobic phase of the carbohydrate metabolism. An 
analysis of the present status of our knowledge of the metabolism of 
the cornea will be given in one of the following papers. As an example 
of other cellular activities, involving the cell surface, which are main- 
tained under anaerobiosis and impaired by iodoacetate and fluoride, 
mention should be made of the phagocytic activity of leucocytes as 
discussed in an article by Fleischmann (19, pp. 291-292). 

c. Relation to vesicants: Loosening of the corneal epithelium is a 
phenomenon which invites comparison with that of vesication in the 
skin. In addition to the effects of various chemical aiid physical 
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(16). In suggesting this as a possible explanation for the loosening 
of the epithelium by alcohols we are assuming that the boundary 
between epithelium and stroma consists of a molecular array similar 
to that suggested by Danielli and co-workers for the individual cell 
of unicellular organisms. In connection with the antagonistic effect 
of glycerol and butyl alcohol on the looseiiing of the epithelium an 
interesting observation/ mentioned in the discussion (p. 24) of an 
article by Parpart and Dziemian (17), should be referred to. These 
authors found that the penetration of glycerol into red blood cells of 
some species is accelerated by butyl alcohol and in other species sup- 
pressed. It should be pointed out that a disruption of a multilayer, 
such as is described above, could take place at different levels. In all 
cases the phenomenon of the loss of adhesion will appear the same, as 
long as no finer means of differentiation become available. Some 
evidence on this point can be seen in the fact that injection of a solution 
of recrystallized trypsin and chymotrypsin causes a loosening of the 
epithelium which indicates the presence of a protein in the coherent 
multilayer. An interpretation of the adhesion of the epidermis of 
the skin based entirely upon the properties of the collagen of the dermis 
has been advanced in a recent publication by Felsher (18). 

Whatever the molecular arrangement which has to be regarded 
as the direct cause of the cohesion, it is remarkable that aerobiosis 
is not required for the maintenance of the adhesion of the epithelium, 
as demonstrated in experiments under anaerobiosis and after injec- 
tion of cyanide. On the other hand the dependence on anaerobic 
metabolic processes is suggested by the sensitivity of the adhesion 
to iodoacetate and fluoride, two metabolic poisons known to interfere 
with the anaerobic phase of the carbohydrate metabolism. An 
analysis of the present status of our knowledge of the metabolism of 
the cornea will be given in one of the following papers. As an example 
of other cellular activities, involving the cell surface, which are main- 
tained under anaerobiosis and impaired by iodoacetate and fluoride, 
mention should be made of the phagocytic activity of leucocytes as 
discussed in an article by Fleischmann (19, pp. 291-292). 

c. Relation to vesicants: Loosening of the cprneal epithelium is a 
phenomenon which invites comparison with that of vesication in the 
skin. In addition to the effects of various chemical arid physical 
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agents reported in this paper it may be pointed out that bacterial 
contamination causes a loss of cohesion in the comeal tissues supra- 
vitaUy, and that infection and inflammation of the cornea lead to 
loosening of the epithehum in vivo. Loosening of the epithelium 
after exposure to ultraviolet light is a well known clinical phenomenon 
and has been observed experimentally (20) . For the present, however, 
we wish merely to point out that the analogies are not complete. 

Experiments by Danielli (21) on the vesication in frogs’ skin in 
which the effects of various metabolic poisons were explored revealed 
some significant contrasts in comparison to our results in the cornea. 
For instance, cyanide and azide fail to loosen the corneal epithelium, 
but cause loosening of the epitheliiun in the frog’s skin. On the other 
hand, iodoacetate is a powerful agent in loosening the corneal epi- 
thelium but was found ineffective on the frog’s skin by Danielli. 
These differences may be due to differences in the species or in the 
tissues studied, and indicate that the metabolic pathways by which 
energy is supplied for the maintenance of similar aspects of tissue 
organization may differ in different tissues or in different species. 

SUMMARY 

1. A simple mechanical device is described for the quantitative 
estimation of the adhesion of the epithelium to the corneal stroma. 

2. Exposure of the tissue to temperatures over 45°C. or freezing 
and subsequent incubation lead to a loosening of the corneal epi- 
thelium. 

3. No loosening of the epithehum was observed on altering the pH 
over the range pH 3 to pH 9, on removal of calcium, on addition of 
protein precipitating agents, or on exposure to a wide variety of in- 
organic salts. Exceptional among the latter were sodium thiocyanate 
and high concentrations of calcium chloride, both of which caused 
loosening of the epithehum. 

4. Exposure of the tissue to aqueous solutions of alcohols in low 
concentration markedly decreased the tissue cohesion. The minimum 
effective concentration decreased with increasing molecular weight 
of the alcohols, amyl and butyl alcohol and some chlorine substitutes 
of the latter were the most effective agents of this type so far tested. 
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On the other hand polyalcohols such as sucrose or glycerol failed to 
loosen the epithelium. 

5. The cohesion of the tissue is well maintained on anaerobic incuba- 
tion and in the presence of cyanide and of malonate. Loosening of 
the epithelium occurs on incubation of tissue exposed to iodoacetate 
or fluoride. 

6. Exposure to proteolytic enzymes causes a loosening of the 
epitheliiun. 

7. These studies reveal no .evidence in favor of the presence in the 
cornea of an intercellular cement similar to that characteristic of the 
capillary wall. Furthermore, they indicate that the cohesive force 
is probably not due to electrostatic attractions of oppositely charged 
ionic groups. On the contrary, the experiments suggest that the 
adhesive forces originate in the attraction of non-polar hydrocarbon 
residues in the boundary surface, and that the coherent surface may 
be a protein lipoid multilayer. In attributing the adhesive force 
to hydrocarbon residues lipoids may be considered as the most likely 
source, but the affinities of non-polar side chains of proteins such as 
collagen are not excluded at the present. The maintenance of the 
coherent organization may require metabolic energy, since the cohesion 
is lost on iodoacetate and fluoride poisoning. 

8. The phenomenon of epithelial loosening in the cornea bears 
certain obvious analogies to that of vesication in the skin. Some 
dissimilarities between the two processes have, however, already 
been revealed. 
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VIII. THE EFFECT OF HISTAMINE AND RELATED SUB- 
STANCES ON THE COHESION OF THE 
CORNEAL EPITHELIUM* 

HEINZ HERRMANN 

In the preceding paper we described the use of a simple mechanical 
scraper with which it is possible to remove the epithelium of the 
excised cornea and to obtain at the same time a crude quantitative 
estimate of the adhesive forces. A decrease of the cohesion was 
observed when the corneas were bathed in weak solutions of higher 
aliphatic alcohols (butyl, amyl) and of some of their chemical deriva- 
tives, and a loosening was also observed on incubating for about 10 
hours after injection into the cornea of some metabolic poisons such 
as iodoacetate or fluoride. These results made it seem desirable to 
find out whether the neurohormones and commonly used drugs pro- 
duced similar effects. Too few compounds have been examined to 
allow for a systematic evaluation. However, we found that histamine 
differed in its effects from all the other drugs investigated so far, both 
qualitatively and quantitatively.^ The results are published as a 
contribution to the pharmacology of histamine, since a continuation 
of the examination of other drugs is not planned at the present time. 

RESULTS 

The experiments were performed on beef corneas. The mainte- 
nance of the corneas, the supply of drugs, and the method for the deter- 
mination of the adhesion have been described in the preceding paper. 
The adhesion of the epithelium was defined by the amount of epi- 
thelium removed as a function of the weight of the scraper. In fresh 
normal corneas very little epithelium (less than 30%) is removed 
at a pressure of 90 gms., and a weight of 200 gm. is required for com- 
plete removal. The greater the loss of cohesion, the smaller the weight 

*The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the Office of 
Scientific Research and Development and the Johns Hopkins University. 

^ With the exception of colchicine which causes loosening in equally low con- 
centrations. 
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which is required for the removal of a certain amount of epithelium. 
When corneas are injected with sahne, the cohesion decreases somewhat 
on incubation, corresponding to a range of weights of 60 gms; to 120 
gms. for the minimmn and maximtun removal respectively. When 
1 microgm. of histamine is injected into the cornea most of. the epi- 


TABLE I 

The Effect of Histamine and Other Natural Bases on the Loosening of the Epithelium 
Incubation: 20 hours at 29°C. 


CPNT£OLS 

BXAGElfT IKJECrED 

AMOUNT INJECTED PER 
CORNEA 

PRESSURE 
IN GU. 

% EPITHELIUM 
REMOVED 

Pressure in 
grams 

% Epithelium 
removed 

60 

14, 20 

Histamine 

10 micrograms 

40 

90, 89 


32 


* 

40 

92, 92 


13, 21 


5 micrograms 

40 

86 




3 micrograms 

40 

85 

V5 

45 


1 micrograms 

40 

85, 66 






98, 61 




0.3 micrograms 

60 

42 





40 

23 



Histidine 

2 mg. 

95 

35 




1 mg. 

60 

25, 11 





95 

45 



Arginine 

1 mg. 

'60 

12, 32 






9, 18 






8 



Asparagine 

1 mg. 

60 

19, 17 

60 

28, 25 

Tyramine 

1 mg. 

95 

48, 28 




0.5 mg. 

95 

17 




0.1 mg. 

95 

25, 28 



Creatine 

1 mg. 

95 

29 



Creatinine 

1 mg. 

95 

23 

95 

8 

Putrescine 

0.5 mg. 

95 

18 

60 

11 

Arginine -f- 

1 mg. 

40 

91, 95 



Histamine 

10 micrograms 


67 


thehmn can be removed with a pressure of 40 gms., the lowest weight 
available on the scraper (Table I). The effect of histamine does not 
develop immediately but requires an incubation period of about 8 
hours (Table 11). None of the other substances tested which are 
chemically related to histamine, such as histidine, tyramine, and other 
natural bases, show any effect at all. Some of the other pharma- 
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cologically active compounds, adrenaline, ephedrine, physostigmine, 
however, cause a loosening, but the concentrations which are required 
are considerably higher than in the case of histamine. Whether the 
loosening action of high concentrations of physostigmine is due to its 
parasympathetic properties is doubtful since acetylcholine, as such or 
in the presence of low concentrations of physostigmine, has no loosen- 
ing effect. A loss of adhesion after prolonged application of high doses 
of pontocaine and other local anaesthetics has been frequently ob- 
served clinically. 

Histamine is remarkable not only because of the small quantities 
which suffice to cause a loosening of the epithelium, but also because 
it differs from the other effective substances in the mode of its action. 
If compounds which decrease the adhesion of the epithelium are in- 

TABLE n 

The Development of the Effect of Histamine during Incubation at 29°C. 


10 Micrograms Histamine per cornea. 


INCX7BATIOH TIKE m HOUSS 

P3U:S5UE£ IN CEAKS 

% rPiTHEinnc khoved 

1 

60 

10, 18, 8 

4 

60 

5, 21, 19 

10 

60 

55, 22, 74 

20 

40 

82, 90 


jected in a proper dose, the loss of the adhesion can develop to such an 
extent that it becomes possible to remove the epithelium as a coherent 
sheet. If this operation is carried out after injecion of fluoride or 
iodoacetate no epithelium remains on the surface of the stroma. After 
the injection of histamine a very thin film remains on the surface of 
the stroma which adheres firmly. This film consists of a single cell 
layer which remains on the stroma surface even after scraping with a 
pressure up to 60 gms. In histological preparations in which the epi- 
thelimn was not removed after histamine injection, one can observe 
more frequently than in normal samples a fine discontinuity between 
the basal and the more superficial cells. Thus the actual separation 
in the case of histamine does not iake place between stroma and 
epithelium but between the actively mitotic basal layer and the 
more inert superficial layer. It is interesting to notice that some 
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properties of the two surfaces of the basal layer seem to be controlled 
by different mechanisms. 

The effect of histamine on the cohesion of the corneal tissue differs 
from other pharmacological actions of histamine by the long delay. 

TABLE III 


EJJkI oJ Various Drugs on Adhesion of the Epithelium 
Incubation Time: 20 hours. 


DWG INTOTED AMOUNT PER CORNEA 

DJCUBATED AT 29*C. 

Pressure in grams 

% Epithelium removed 

Pontocaine 



1 mg. 

40 

89, 84, 85 

0.5 mg. 

40 

78, 71, 78 

0. 25 mg. 

40 

21, 23 

0.1 mg. 

60 

15, 12 

Ephedrine 



2 mg. 

40 

70, 87, 73 

0.5 rag. 

40 

15, 31 


60 

52, 55 

0.1 rag. 

60 

15, 32 

Adrenaline 



1 mg. 

40 

92, 87, 93 

0.5 mg. 

40 

49 


60 

45 

0. 1 mg. 

60 

34, 37 

Physostigmine 



1 mg. 

40 

80, 72 

0.5 mg. 

60 

31, 32, 28, 36 

Acetylcholine 



0.5 mg. 

60 

27, 35 

Acetylcholine 0.5 mg. 

60 

18, 47, 32, 27 

+ 



Physostigmine 0.25 mg. 




The possibility cannot be excluded that this lag period of up to ten 
hours may be due to very slow penetration. Alternatively one would 
have to assiune that the action of histamine is an indirect one, e.g. 
by interference with the metabolism of the epithelial cells or by af- 
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IX. LOOSENING OF THE CORNEAL EPITHELIUM AFTER 
EXPOSURE TO MUSTARD* 

HEINZ HERRMANN and FAY H. HICKMAN 

One of the prominent symptoms of mustard injury of the eye is a 
loosening of the comeal epithelium. This was found to occur not 
only in vivo, but also in the excised cornea incubated in a moist 
chamber after exposure to toxic agents. Consequently, it became 
possible to study the pathological process involved in the develop- 
ment of this symptom uncomplicated by inflammation or by reactions 
of the vascular and nervous systems and of other extracellular regula- 
tors, Some of the attributes of the cohesive mechanism have been 
analyzed by a method reported in the preceding papers. In the 
present experiments this method has been applied to the study of the 
effect of mustard on the adhesion of the corneal epitheliiun. 

RESULTS 

In the experiments to be reported here, beef eyes freshly obtained 
from the slaughter house were exposed to mustard vapor by resting 
the eye on the mouth of a cylindrical vessel 5 cm. deep, containing a 
thin layer of liquid mustard on the bottom. Analyses reported above 
(1) indicate that under these circumstances mustard enters the cornea 
at a rate of 0.6 micrograms per square centimeter per minute. The 
macroscopic appearance of the cornea changes surprisingly little 
after exposure of the tissue to mustard vapors for 10-20 minutes and 
subsequent incubation for 10-20 hours. After very severe exposures 
(approximately one hour) a moderate degree of comeal haze develops 
during incubation. With ex-posure of 20 minutes or more the corneas 
maintain their dome-like convexity better than do the controls, as if 
the rigidity of the stroma had increased. This phenomenon may be 
related to the loss of turgescence in the comeal stroma described by 
Cogan and Kinsey (2) after similar exposures. 

The only macroscopically detectable alteration in the tissue after 
exposure for 15 minutes and subsequent incubation is a marked 

*The work described in this paper was done under a contract recommended 
by the Committee on Aledical Research between the OflSce of Scientific Research 
and Development and the Johns Hopkins Universit3'. 
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loosening of the epithelium. The whole complex of inflammatory 
reactions which follow mustard exposure in tissues in vivo is here 
reduced to one single s 3 miptom. 

1. Exposure Time: Using the vessels described in a preceding 
paragraph for the exposure, the minimum exposure time required 
for the production of the lesion is about 5 minutes. The full intensity 

TABLE I 


Adhesion of Epithelium after Exposure to Mustard Vapor for Various Periods 


Separation: 2 strokes, 95 gm. pressure. 

Incubation; 22 hours, 26-28‘’C. 



CONTROL 

EXPOSURE— MINUTES 



5 10 

20 

60 

Per cent Epithelium Removed 




12 

42 ■ 

95 

85 

13 

13 

19 

96 

75 

8 

7 

62 

86 

92 

2 

7 

25 

.100 


6 

20 

38 

93 


9 

18 

37 

97 


20 

11 

76 

100 


. 8 

6 

84 

93 


7 

6 

39 

97 


6 

29 




8 

23 




7 

27 




8 

21 





19 



1 


21 

i 




19 

1 

' 


1 

Average., .16 

47 

95 

84 

9 


of the loosening effect is observed after exposure for 10-20 minutes. 
However, if corneas were exposed for 60 minutes (Table I), no loosen- 
ing could be observed in most experiments, and in no instance could 
loosening be observed when the exposure was extended to 120 minutes. 
An interpretation of this striking phenomenon will be attempted in 
the discussion later. 

2. Incubation Time: The loosening of the epithelium develops 
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after a lag period. With an exposure of 10 minutes and subsequent 
incubation at 29-32°C., no reduction in the adhesion of the epithelium 
to the stroma can be detected during the first 5 hours, but the effect 
is fuUy developed after 10 hours incubation (Table II). 

3. Incubation Temperature: When the incubation temperature was 
lowered, the loss of adhesion was suppressed. In the experiments in 
which the effect of a lowered incubation temperature was tested, the 
corneas were exposed to mustard for 10 minutes and then kept in a 
moist chamber for one half to one hour at room temperature. Follow- 
ing this, they were incubated at various temperatures for 20 hours and 
compared with controls (not exposed to mustard but incubated at 
the same temperature in a moist chamber). The exposed corneas 


TABLE II 

Adhesion of Epilhelium after Varying Incubation Periods Following Exposures to Mustard 

Vapor 

Exposure: 10 minutes. 

Incubation: 26-28°C. 

Separation: 2 strokes, 95 gms. pressure. 


IVCUBATION TIME IN BOURS AETEE 
EXPOSDEE 


5 

10 

20 


PEE CENT OP EPITHEUUM EXKOVXD 


Control j 

Treated 

13 

11 

6 

14 

R 


6 

11 

12 

22 

mm 

74 

16 

24 


68 




incubated at 29°C. showed the usual decrease of the adhesion of 
their epithelium. Those incubated at 24°C. showed a much reduced 
effect. In those incubated at 11-18°C., no loss of epithelial adhesion 
could be observed (Table III). 

As reported above, no loosening of the epithelium is observed during 
the first 5 hours of incubation at 29°C. The following experiment 
was performed in order to see how late in the symptom-free period 
cooling of the tissue could be instituted and still suppress the symptom. 
Beef corneas, after a standard exposure to mustard for 10 minutes 
were incubated at 29°C. for 4 to 5 hours. Thereafter they were dmded 
into three lots. In one lot the adhesion was measured immediately 
and was found to be normal. A second lot was incubated at lO-lS^C. 
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TABLE in 

Per Cent EpitMium Removed after Incubation at Varying Temperatures 
Exposure; 10 minutes. 


Incubation Time: 20 hours. 



for a further 15 hours. At the end of this period the epithelium was 
still normally adherent (Table IV). The third lot was incubated at 
29’^C. also for a further period of 15 hours. At the end of this period 
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this lot of corneas showed marked loosening of the epithelium. It is 
evident that cooling of the tissue can suppress the loss of adhesion 
even if cooling is applied near the end of the symptom-free period. 
The effect of low temperature was tested in an additional series of 
experiments. Beef corneas were given a standard exposure to mustard 
vapor at room temperature, kept in a moist chamber at room tem- 
perature for one half to one hour, then kept for 6 to 8 hours in a cooled 
moist chamber (12-18°C.), and then incubated at 29°C. for 12 hours. 
Controls, with exposure to mustard vapor, were incubated at 29°C. 
also for 12 hours. We were thus able to test whether the period of 
cooling had any influence on the subsequent development of the lesion. 
Table V contains the results of all of the experiments performed of 

TABLE rv 

Incubation at Low Temperature Following Preliminary Incubation Period at ZiPC. 
Exposure: 10 minutes. 


% EPrrnEUuM eeuovxd with 2 stboees, 95 csaus presstoe 


Incubated for 4 brs. at 29’C. 

Incubated for 12 hrs. at 29'C. 

Incubated for 4 hrs. at 29*C. and 
tbcieafter for 13 hrs. at 14-18*C, 

18 

67 

10 

11 

87 

15 

26 

81 

17 

6 

85 

21 


83 

8 


81 



this type. "ViTiile the samples that had been exposed to the pre- 
liminary cooling period gave rather widely scattered results, they show 
a statistically significant decrease in the degree of epithelial loosening, 
as may be seen by comparing the average percent epithelium removed 
with 95 grams weight on the scraper in the two series. The difference 
between these averages is 8 times the sum of their probable errors. 

4. EJieci of Incubation under Anacrobiosis: A second condition 
under which the loosening of the epithelium is suppressed after ex- 
posure to mustard was found to be incubation of the exposed corneas 
under nitrogen. For the anaerobic incubation the corneas were placed 
in a desiccator jar. The jar was evacuated for 15 minutes down to 
50 mm. Hg, put into the incubator and then connected n-ith a nitrogen 
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tank. The gas was passed over copper wire at a temperature of about 
500°C., and then bubbled through an alkaline pyrogallate solution in 
two separate containers, one inside, and the other outside the desiccator 
jar. A gentle flow of gas was maintained throughout the incubation 
period. In some experiments in which bicarbonate was used as an 
external bathing fluid for neutralization of the lactic acid which is 
formed anaerobically, nitrogen containing 5% CO 2 was used and the 
pyrogallate solution was omitted. In all of the corneas which were 
incubated for 10 hours under anaerobiosis after exposure to mustard 
for 10-20 minutes, the loosening was completely suppressed. The 

TABLE VI 

The Adhesion of (he Corneal Epilhelium under Aerobic and Anaerobic Conditions after 

Exposure to Mustard 


Exposure: 15 minutes. 

Incubation: 20 hours at 28°C. 
Separation tested at a pressure of 90 gm. 


coKDtnovs or djcubation 

NUMBER or CORNEAS 


Controls 


Exposed to mustard 

Epithelium 

More than 
] oS 

About! oS 

Less than 
} oS 

More than 
i oS 

About } off 

Less than 
i off 

\ 

Aerobic 

2 

1 

9 

12 

0 

0 

Anaerobic 

0 

0 

13 

0 

0 

13 

10 hours anaerobic followed 







by 10 hours aerobic 

1 

2 

13 

6 

4 

8. 


same was observed with 1 ml. N/20 bicarbonate buffer as external 
bathing fluid which was used in order to prevent a too great drop of 
the pH due to the accumulation of lactic acid under anaerobic con- 
ditions. 

As in the experiments with lower temperatures, we tried to obtain 
information as to whether the suppression of the loss of adhesion is 
limited to the period of anaerobic maintenance, or whether this effect 
is retained on readmission of oxygen. We incubated both exposed 
and control corneas for 10 hours anaerobically and subsequently for 
10 hours aerobically, and compared these with control and exposed 
corneas which were incubated for 10 hours aerobically only. The 
complete experiment is shown in Table VI. All of the mustard 
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effect of anaerobic incubation on the epithelial loosening caused by 
iodoacetate, fluoride and histamine is shown in Table VIII. 

TABLE vni 


Rffect of Mustard and Other Agents upon the Adhesion of the Epithelium 
Aerobic and Anaerobic Incubation 
Separation with 90 gm. pressure. 




— 

KUMBEB. OF COBKEAS 

SUBSTANCES TESTED 

MODE OF APPLICATION 


Epithelium 



WKM 

More than 
i oS 

About i off 

Less than 
ioff 

Exposure to mustard 

No external bath-. 

Aeroic 

34 

4 

0 

vapor for 15' 

ing fluid 

Anaerobic 

0 

0 

36 ■ 


Bathing fluid 1 ml. 

Aerobic 

4 

0 

0 


N/20NaHCOj 

Anaerobic 

0 

0 

4 

Fluoride O.S mg. per 

External bathing 

Aerobic 

23 

0 

0 

per cornea ! 

1 

fluid 

Anaerobic 

0 

0 

22 


Injection into 

Aerobic 

5 

0 

0 

1 

stroma 

Anaerobic 

4 

0 

0 

Iodoacetate O.S mg. 

External bathing 

Aerobic 

22 

0 

0 

per cornea 

fluid 

Anaerobic 

14 

6 

3 


Injected into 

Aerobic 

5 

0 

0 


stroma 

Anaerobic 

4 

0 

0 

1 

Pontacaine 0.5 mg. 

External bathing 

Aerobic 

4 

0 

0 

per cornea 

fluid 

Anaerobic 

1 

0 

3 

1 


Injected into 

Aerobic 

4 

0 

0 


stroma 

Anaerobic 

■ 4 

0 

0 

Histamine 20 micro- 

External bathing 

Aerobic 

1 

0 

3 

gms. per cornea 

fluid 

Anaerobic 

0 

0 

4 


Injected into 

Aerobic 

4 

0 

0 


stroma 

Anaerobic 

0 

0 

4 


DISCUSSION 

Loss of cohesion between the corneal epithelium and stroma is a 
prominent feature of mustard injury. In vivo this s3Tnptom is 
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extra-vascular tissue fluid pressure. To what extent all these patho- 
logic processes are to be attributed to the same or similar mechanisms 
remains obscure. As noted in a preceding paper, the frog’s skin and 
the beef eye behave differently in respect to loss of cohesion following 
exposure to certain metabolic poisons. Moreover, in the vesication 
in the skin produced by mustard, the loss of cohesion occurs between 
layers of epithelial cells, not primarily between epithelium and con- 
nective tissue as in the cornea. 

In the development of all of the s)unptoms of mustard injury that 
have so far been studied, three phases are recognizable. There is first 
the primary chemical reaction of mustard with tissue components. 
In the cornea this is practically completed within a few minutes. 
There follows a symptom-free period during which neither physiological 
nor histopathological changes are recognizable. Poisoned nerves 
continue to conduct, muscles to contract, glands to secrete. The 
duration of the s}Tnptom-free period varies with the dose and with 
the symptom studied. In respect to epithelial loosening in the cornea 
the lag period is 6-12 hours. 

If we speak of the mechanisms of mustard injury we assume that 
between the primary chemical reaction of mustard with tissue and 
the subsequent development of recognizable symptoms there exists 
a determinate series of events, but we are still almost completely in 
the dark as to that series of events. The present study has shown 
only that oxygen is required for the development of a particular symp- 
tom, but whether the symptom is due to the opening of some new 
oxidative channel in the cellular respiration, or to the inhibition of 
some normally compensating reductive process, remains obscure. 
Failure of the symptoms to develop after exposure to excessively large 
doses of mustard suggests that under these conditions the oxidative 
pathway, or some other system necessary for the development of 
this S3mptom, is inhibited. 

The ability of fluoride and iodoacetate to produce epithelial loosening 
under anaerobic conditions indicates that these agents injure the 
normal mechanisms for the maintenance of tissue cohesion at some 
points other than, or in addition to, the injury produced by mustard. 
Since these agents are known to inhibit glycolysis, a first assumption 
would be that the glycolytic mechanism is involved in the maintenance 
of normal cohesion, but fluoride and iodoacetate, like mustard, damage 
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metabolism. At this temperature the oxygen uptake of the whole 
cornea was found to average 70 cu. mm. per hour. In corneas that 
had been denuded of their epithelium, the oxygen uptake was reduced 
to about 10%. If the endothelium is also removed less than 3% of the 
original oxygen consumption remains, and if this figure is corrected for 
the auto-oxidation found in boiled corneal stroma less than 2% of the 
respiratory uptake of the cornea remains to be attributed to the 
stroma, though the tissue contains approximately one-third of all the 
comeal cells. It must be remembered, moreover, that 3-5% of the 
stroma cells are wandering cells, and evidence has been presented in a 
previous paper (9) indicating that these wandering cells probably have 

TABLE I 

Reference Data on Beef Cornea 
Whole Cornea 


Greater Diameter 25- 30 mm. 

Lesser Diameter 16- 21 mm. 

Wet Weight 480-630 mg. 

Dry Weight 90-120 mg. (19% of wet weight) 



epithelium: 

STfiOMA 

ENDOTHELIUM 

Wet weight 

70-90 mg. 
16-18 mg. 
about 0.1 mm. 

4-10 X 10’' 

40 micrograms 

400-600 mg. 
80-110 mg. 
about 0.7 mm. 

2-5 X 10’ 
less than 10 
micrograms 

7-8 mg. 

about 0.005 mm. 
1-2 X 10= 

Dry weight 

Thickness 

Number of cells 

Nucleic acid phosphorus .... 


an aerobic metabolism since their pathological responses differ under 
aerobic and anaerobic incubation. If the oxygen consumption per 
wandering cell is equal to that per cell in the epithelium or endothelium, 
the total oxygen uptake of the stroma would be entirely accounted for. 
This leads to the conclusion that the keratocytes are probably com- 
pletely devoid of respiratory oxygen uptake. 

(2) Glycogen. The epithelium of 50 corneas was worked up ac- 
cording to Sjogren’s method. After fivefold reprecipitation with 
alcohol, about 50 mg. of a white powder was obtained. A comparison 
of this substance with commercial glycogen (Schwartz’ Lab) showed 
very similar rates of liberation of reducing groups during hydrolysis 
with HCl or with diastase, and an almost identical decrease in specific 
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(3) Ghccose utilization and lactate content. In vivo, the epithelium 
receives a continuous carbohydrate supply, in the form of glucose, 
from the tears (60 mg. % glucose) and through the stroma from the 

TABLE II 

Glycogen Content of Epithelium of Excised Corneas after Various Incubation Periods'. Ejects 

of lodoacetic Acid and Glucose 

Incubation at 32 °C. 


Micrograms Glycogen per Cornea 


1 

INJECTED SUBSTANCES i 

UG.PEECOENEA ^ ’ 

1 

BEFORE 1 

INCUBATION 

1 

ATTE Z INCUBATION 

10 hours 

20 hours 

Control 

Injected 

Control 

Injected 

No injection 

908 

848 


600 



1066 

773 

1 

j 

625 



1100 

833 


575 



1543 






1088 





lodoacetate, 0.5 mg. 


866 

966 

608 

516 



760 

700 

550 

575 



785 

991 

566 

508 



816 

925 

725 

734 

Glucose, 2 mg. 

1175 

640 

1000 j 

628 

1050 



623 

1025 

391 

1283 



833 

1190 





816 

916 





908 

1250 





941 

1083 


i 

Glucose, 10 mg. 



1173 






1106 




Average Glycogen content of fresh tissue, 1147 micrograms. 

Average Glycogen content after incubation in presence of glucose, 1107 micrograms. 
Glycogen consumption in the absence of injected glucose: 

First 10 hours of incubation 34 micrograms per cornea per hour 

Second 10 hours of incubation 22 micrograms per cornea per hour 


capillaries in the limbus, and perhaps from the aqueous. We tried to 
imitate the natural conditions by irrigation of the cornea. The effects 
of two irrigation fluids. Ringer’s solution and Ringer’s plus glucose 
(0.1%) were compared. 
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amounts of glucose are utilized in this tissue component. With only 
J of the cell number of the epithelium, the rate of utilization of glucose 
per cell seems to be about twice as high in the isolated stroma as in the 
epithelium.'* The lactate content remains at the original level or 
increases slightly during incubation if as much as 2 mg. of glucose are 
injected per cornea. Smaller amounts of glucose (0.5 mg.) are not 
sufficient to maintain the lactate content at the initial level but retard 
its disappearance. Addition of iodoacetate inhibits the disappearance 
of glucose. 0.1 mg. of iodoacetate per cornea (about M/1000) stUl 
exhibits the full effect. The rate of disappearance of lactate in the 
presence of iodoacetate and glucose is the same as with iodoacetate 
alone and it is only slightly less rapid than in the untreated controls. 

The inhibition of glucose disappearance by fluoride (about M/50) 
is less complete than that exhibited by iodoacetate, but the decrease 
of the lactate level is considerably retarded as compared with the effect 
of iodoacetate. This retardation is observed also in the absence of 
glucose. Iodoacetate applied in addition to fluoride increases the 
inhibition of the glucose disappearance and accelerates the disap- 
pearance of lactate. Thus it supersedes in both respects the action of 
fluoride. The retardation of the lactate disappearance both by 
iodoacetate and by fluoride will be considered in greater detail below. 

(4) Phosphate fractions. The gradual depletion of the glycogen 
stores in the cornea during incubation, as well as the inhibiting effect 
of iodoacetate upon the rapid utilization of glucose, suggested the 
presence of active phosphorylating mechanisms, and led us to the 
examination of free and esterified phosphate in the cornea under 
various experimental conditions. 

We determined 4 phosphate fractions. The phosphate which is 
determined directly without hydrolysis (IP) is equal to the sum of 
inorganic phosphate plus creatine phosphate, plus acetyl phosphate. 
The phosphate (ATP) liberated within the first 7 minutes of hy- 
drolysis with HCl originates mainly from adenosine triphosphate, and 
the phosphate liberated during further hydrolysis up to 180 minutes 
(DP) is derived essentially from hexose diphosphate. The excess of 
phosphate found after digestion with perchloric acid is derived from 
such esters as phosphogly cerate (PG). 

■* More detailed studies in regard to glucose utilization are to be found in a 
succeeding paper (12). 
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The content of these fractions was determined in the whole cornea 
and in the epithelium and stroma separately, both in fresh corneas 
and after an incubation for 20 hours at 32°C. (Table V). One would 
have expected that the figures for the whole cornea should equal the 

TABLE V 

Extractable Phosphate Fractions 


Micrograms Phosphorus per Cornea 



IP 

ATP 

DP 

PO 


Whole 

cornea 

B 

.2 

'S 

*S. 

Stroma 

Whole 

cornea 

Epithelium 

stroma 

Whole 

cornea 

Epithelium 

stroma 

Whole 

cornea 

Epithelium 

Stroma 

Fresh tissue 

35 

32 

22 

16 

8 

3 

28 

28 

2 

31 

24 

18 


42 

27 

28 

15 

13 

7 

27 

26 

3 

33 

36 

14 


24 

28 

21 

26 

18 

2 

18 

14 

7 

30 

39 

18 


25 

25 

24 

20 

Wm 

3 

19 

22 


32 

38 

16 


26 

24 

23 

19 

o 

4 

29 

27 


*42 

33 

23 


31 

26 

22 

18 

9 

5 

25 

22 


41 

34 

19 


34 

27 

21 

23 

8 

3 

33 

29 

7 

35 

24 

25 


35 

28 

23 

22 

10 

5 

30 

28 

7 

38 

23 

25 

Average 

31 

27 

23 

20 

11 

4 

26 

25 

5 

35 

31 

20 

After 20 hours, 

18 

16 

18 

17 

14 


19 

14 

5 

34 

30 

17 

Incubation at 

22 

19 

19 

14 

12 


24 

16 

7 

32 

31 

28 

32^. 

26 

18 

19 

22 

9 


18 

27 

8 

22 

30 

22 


25 

16 

24 

11 

13 

2 

34 

23 

12 

34 

23 

25 


21 

16 

20 

18 

23 

4 

22 

21 

9 

31 

32 

23 

Avpiragft 

22 




14 

3 

23 

20 

8 


29 

2i 









IP = Phosphate determined directly i.e. inorganic phosphate + creatine phosphate 
+ acetyl phosphate. 

ATP = Phosphate determined after 7 minutes hydrolysis with N/1 HCl minus IP, i.e. 
chiefly adenosine triphosphate. 

DP = Phosphate determined after 180 minutes hydrolysis with N/1 HCl minus 
(IP + ATP) i.e. chiefly hexose diphosphate. 

PG = Phosphate determined after digestion with perchloric acid minus (IP + ATP+ 
DP) i.e. chiefly glycerophosphate. 

sum of the values obtained for the separated epithelium and stroma. 
A good correspondence was observed with the fractions ATP and DP) 
of which a considerably higher concentration is found in the epithelium. 
These two fractions are bound to the ceils, but even if calculated per 
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TABLE Xn 

Lactic Acid Content of the Cornea after Injection of Various Metabolites 
Incubation: 10 hours at 32°C. 


INJECTED SUBSTANCE PEE COENEA 

inCEOGEAMS lACUC AOD PEE COENEA 

Control 

Injected 

Hexose diphosphate, 2 mg. 

76 

233 


60 

220 


73 

243 

Ascorbic Acid, 2 mg. 

73 

SO 


60 

60 

dl Alanine, 2 mg. 

47 

138 


90 

170 

Glycine, 2 mg. 

90 

75 

Glutamic Acid, 2 mg. 

90 

96 



90 

Phosphate, 0.5 mg. 

93 

100 


121 

108 

Succinate, 0.5 mg. ’ 

80 ' 

60 


80 

70 

Fumarate, 0.5 mg. 

130 

no 



140 



140 

Malonate, 0.5 mg. 

1 

110 


1 

i 

130 


TABLE Xni 

Effect of Fluoride on Lactic Acid Content of Cornea 


Incubation: 10 hours at 32‘’C. 


IXUOBIDE INJECTED PER CORNEA 

UICKOGEAUS LACnC ACID PEE COENEA 

None 

' 85, 57, 99, 95 



0.01 mg. 

\ 260 

0.03 mg. 

\ 320,258,242,145 

0.1 mg. 

\ 432 

1.0 mg. 

\ 326, 263, 316, 378, 425 

lodoacetate 0.5 mg. 

\l00, 73, 100, 131, 83 

lodoacetate + 1 mg. Fluoride 

^76, ISO, 156, 111, 178 


\ 
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phate had a qualitatively similar effect, although quantitatively less 
intense, upon the lactate disappearance (Table XII). 

Other conditions, under which the inhibition of lactate disap- 
pearance is removed by iodoacetate, are injection of fluoride (Table 
XIII) and lower temperature (Table XIV). An explanation of this 
apparently paradoxical effect will be attempted in the following 
discussion. 


TABLE XIV 

Lactic Acid Content of Corneas after Incubatian for 12 Hours at 
Room Temperature with and without Injection of Iodoacetate 
Injected; 0.5 mg. Iodoacetate per cornea. 


UICSOCSAVS LACTIC ACID PES CORNEA 


Controls 

lodoactate 

240 

146 

223 

170 

256 

156 

245 

141 

Av 241 

153 


DISCUSSION 

In the experimental part of this paper, several compounds have 
been demonstrated in the corneal epithelium, which are expected to 
be present in a tissue with an active glycogenolysis or glycolysis. 
The glycogen content of the epithelium and of muscle are nearly equal 
(1%) and the phosphate fractions are found to be of the same order of 
magnitude as in the intestinal mucosa (15). A compilation of the 
adenosine pol3qDhosphate level of various organs (16) shows that the 
epithelium of the cornea contains more of this fraction than liver, 
kidney, and brain and approximately as much as muscle. The lactic 
acid content is about 5-7 times higher in the epithelium (200 mg. %) 
than it is in the blood under conditions of rest and it also exceeds the 
content of the blood after severe exercise (17). 

Most of these figures represent steady states, the level of which 
depends upon the rate of formation and consumption of the substance 
under observ'ation. A shift of these levels will become e\’ident if either 
formation or consumption are interfered with; simultaneous inhibition 
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or acceleration of both will lead to a change in the rate of turnover of 
the respective compound but its level will not necessarily deviate 
from the initial value. 

The glycogen content of the epithelium decreases at a rate of about 
25 micrograms per hour. In 20 hours about 50% of the initial content 
has disappeared. Approximately the same rate of disappearance 
has been foimd for the liver of rat and dog, whereas in the liver of the 
pigeon as much as 75% can be recovered after incubation for 72 hours 
(18). 

In tissues of animals, glycogen is supposed to be converted by 
phosphorolysis (19) into hexose-1 -phosphate, which in turn is trans- 
formed into hexose-6-phosphate and then to hexosediphosphate. 
The phosphorolysis is not inhibited by iodoacetate (20), and in the 
presence of this substance the glycogen of the comeal epithelium dis- 
appears at the same rate as in controls. However, if iodoacetate is 
added, an increase of hexosediphosphate (DP) fraction is observed 
and the increase is greater when inorganic phosphate is added. This 
effect could be explained by the well known inhibition of triosephos- 
phate dehydrogenase by iodoacetate and the consequent displacement 
to the left of the enzymatic equilibrium: 

Hexosediphosphate Triosephosphate Lactate 

The undiminished rate of disappearance of glycogen and the simul- 
taneous increase of slowly hydrolizable phosphate esters after addition 
of iodoacetate seemed to corroborate the assumption of a phosphoroly- 
sis. We failed, however, to demonstrate an inhibition of the glycogen 
disappearance by phloridzin, which is supposed to inhibit the phos- 
phorolysis (21). This result cannot be regarded as a serious objection 
against phosphorolysis, since it has not been demonstrated that the 
comeal epithelium is sufficiently permeable for this inhibitor. 

Glucose does not disappear in the presence of iodoacetate which 
would indicate that under these circumstances phosphorylations which 
require energy do not occur to any large extent. It is therefore, 
possible that the entire excess of phosphate in the DP fraction is 
hexosemonophosphate and derived from the phosphorolysis of glycogen 
and not diphosphate, the esterification of which would require, at least 
indirectly, oxidative energy. With this assumption, the a,ppearance 
of an excess of 20 micrograms phosphoms ih the DP fraction should 
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■In . the conventional scheme for the carbohydrate breakdown 
lactate, is formed by the reduction of pyruvate. According to the 
scheme proposed by Ball (25), pyruvate can compete for the hydrogen 
of reduced diphosphopyridine-nucleotide (DPN) with those “hydrogen 
canying” systems which eventually reduce molecular oxygen. If the 
rate of reduction of DPN exceeds the capacity of the intermediate 
systems, which react with oxygen, pyruvate substitutes as oxidant 
and is. reduced, with formation of lactate. Lactate, on the other hand, 
is oxidized to pyruvate if sufficient oxygen is available or if the rate 
of reduction of DPN by other competing systems is diminished. 

In vivo, glucose is constantly supplied to the epithelium, the diphos- 
phopyridine-nucleotide (DPN) is presumably reduced at a high rate, 
and the reaction; 

Pyruvate -{- H 2 ^ Lactate 

moves to the right. The same will be the case in vitro, if glucose is 
supplied by injection or by irrigation. If iodoacetate is added, the 
oxidation of triosephosphate and the simultaneous reduction of DPN 
is inhibited, the consumption of glucose is prevented, no pyruvate is 
formed from glucose, and the oxygen supply wiU be ample to oxidize 
small amounts of DPN which are being reduced by other sources. 
The reaction : 

Pyruvate Ha Lactate 
will then be displaced to the left. 

..; In this, discussion, three oxidative pathways are discernible which 
can. participate in the regulation of the lactic acid level. : The first is 
thCi oxidation of DPN, which is reduced by triosephosphate; the second 
is the system which oxidizes pyruvate; the third is the oxidative 
mechanism for the oxidation of DPN, which is reduced in the trans- 
formation of lactate to pyruvate. Within the structural setup of the 
intact cell,, the first and last pathway might or might not be identical. 

The total reserves of carbohydrates and carbohydrate derivatives 
which can be oxidized by the excised cornea consist of glycogen, glu- 
cose, and lactate. In one hour one cornea has an oxygen uptake of 
about 70 cu. mm. (32°C.) or about 3.1 X 10“® mM O 2 . In the same 
time interval the cornea consumes about 100 micrograms of glu- 
cose. .The figures match exactly since for the complete oxidation of 
100 micrograms of carbohydrate 73 cu. mm. O 2 are required. How 
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ever, the small amount of endogenous glucose in the cornea is exhausted 
in 1-2 hours, and thereafter the carbohydrate consumption amounts 
to 25 micrograms glycogen plus 25 micrograms lactate. The re- 
maining lactate disappears in about 12-20 hours. A deficit of oxidiz- 
able carbohydrates should ensue as soon as glucose has disappeared, 
this deficit becoming more marked after exhaustion of the lactate 
storage, since the rate of oxygen uptake is maintained at the initial 
level for at least 24 hours. This would indicate that as long as glucose 
is supplied to the cornea carbohydrate breakdown suffices for the 
maintenance of the oxidations, and in vivo the supply of glucose from 
the tears and through the limbal capillaries should prevent a deficit of 
oxidizable carbohydrate derivatives. Although the disappearance of 
lactate and glycogen is suppressed in the presence of an excess of 
glucose, the rate of glucose utilization is sufficiently fast to provide the 
required amount of oxidizable substrate. Once the glucose is ex- 
hausted, as is the case in the excised cornea after one or two hours, one 
half of the oxidizable substrate and, after disappearance of lactate, 
three fourths of the oxidizable substrate have to be derived from other 
sources than carbohydrates, presumably from fats or proteins. 

The fact that the rate of oxygen uptake is maintained in vitro, 
possibly at the expense of material other than carbohydrate, could 
explain the fact that inhibitors of glycolysis, like iodoacetate, do not 
completely suppress the rate of respiration in this tissue (26). 

The above considerations possibly provide a clue for the explanation 
of the effect of iodoacetate on the lactate disappearance. We observed 
in our experiments that the normal rate of lactate utilization in the 
excised cornea is retarded to a very slight extent by iodoacetate. 
In the presence of glucose or fluoride, or on incubation at a lower 
temperature, the lactate disappearance is practically completely 
inhibited, and is restored under these conditions by iodoacetate to 
almost the normal rate. 

From the calculations in the previous paragraphs we have arrived 
at the conclusion that in the excised cornea glycogen and lactate 
together do not provide sufficient substrate for the saturation of the 
oxidative mechanisms. Therefore, the lactate oxidation can proceed 
at a maximum rate. However, when glucose is present and the 
reduction of oxidizable coenzyme by triosephosphate dehydrogenase 
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is accelerated, or when the oxidations are inhibited to a greater extent 
than the glycolytic mechanism, the triosephosphate dehydrogenase 
will compete for oxidized coenzyme with the lactic acid dehydrogenase 
and the lactate disappearance will be inhibited. In both instances 
iodoacetate should restore lactate consumption to about the normal 
rate since the competitive reduction of oxidized coenzyme by triose- 
phosphate dehydrogenase is eliminated.® 

• Another aspect of the oxidation of lactate in the excised cornea 
should be discussed here. Our experiments show that lactate produc- 
tion from carbohydrate precursors takes place at a comparable rate in 
both the epithelium and in the stroma. The systems for enzymatic 
oxidation, however, are restricted to the epithelium, while the metab- 
olism of the separated stroma is essentially anaerobic. In the fresh 
cornea three fourths of the lactate depot in the cornea are found in the 
stroma and the lactate content in the denuded stroma remains prac- 
tically unchanged for as long as 20 hours. In the whole cornea, with 
the epithelimn covering the stroma surface, the lactate depot in the 
stroma is depleted at a rate of 25 micrograms per hour, as mentioned 
above. Lactate from the stroma is, therefore, utilized by the epi- 
thelium and oxidized there through the cytochrome oxidase system, 
the presence of which in this tissue component has been demonstrated 
in a previous paper (1). The dependence of the lactate level in tissues 
upon oxygen supply is known as the “Pasteur effect”. In our case 
the lactate level is regulated by the metabolic interdependence of the 
two histological components of a tissue and one could speak, therefore, 
of a “histological Pasteur effect”. Such metabolic interaction might 
be of significance in many cases where stroma and epithelium form the 
main histological elements in an organic unit. The unequal distribu- 
tion of oxidative enzymes in some tissues supports this suggestion. 
Lactate transfer and oxidation need not be the only metabolic inter- 
action between an oxidatively very active tissue and an adjacent tissue 
with anaerobic metabolism. Studies previously published from this 

’ ' ® We believe that it is permissible to omit in this discussion the role of the oxida- 
tion of pyruvate itself because this substance never accumulates in the cornea 
When injected in large excess it is removed at an extremely fast rate of about 400 
micrograms per hour and per cornea, by a non-oxidative mechanism which wi 
be described in greater detail in one of the following papers (27). 
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more) was found after exposure to mustard for 60 minutes. It should 
be noted that control corneas incubated for as long as 19 hours showed 
some increase of O 2 uptake when compared with fresh tissue or with 
samples incubated for shorter periods. The onset of. this enhanced 
O 2 uptake appears to coincide with the depletion of the lactate reserves 
noted in the previous paper and is, no doubt, associated with the 
oxidation of non-carbohydrate components of the tissue. 

(2) Glycogen. There is a slight transitory increase in the fate of 
glycogen consumption during the first few hours after exposure to 
mustard. Thereafter no significant difference in the rate of glycogen 

TABLE I 

Effect of Mustard on the Oxygen Uptake, Anaerobic Acid Production and 
Lactic Acid Content of Beef Corneas 

Incubation: 19-22 hours at 32-33°C. 

The figures given each represent the average of 3-15 samples. 


EXPOSCTRE TO 
MUSTARD, MINUTES 

Oj uptake per 

CORNEA CU.MM. 
perhour 

% INHIBITION 

Os UPTAKE 

ANAEROBIC COj 
OUTPUT CU.MM. PER 
CORNEA PER HOUR 

LACTIC ACIP 
CONTENT MICKOGMS. 
PERCOROTA 

0 

84 


67 

30 

5 

54 

27 

77 

137 

0 

73 


86 

69 

20 

' 45 

25 

87 

445 ■ ■ 

0 

83 


76 

85. 

120 

40 

52 

52 

455 


consumption was noted between controls and mustard treated corneas. 
In the presence of excess glucose, neither controls nor mustard treated 
tissues showed a reduction in their glycogen content (Table II). . 

(3) Anaerobic Glycolysis. Anaerobic acid production was tested 
on tissues exposed to mustard, incubated in the presence of oxygen for 
various periods, and then suspended in the Warburg apparatus in 
Ringer’s bicarbonate solution in an atmosphere of 95% N 2 and 5% 
CO 2 . The preliminary aerobic incubation was used in order to avoid 
the possibility that the development of the mustard injury might be 
inhibited by anaerobiosis, as we had found to be the case in respect to 
the loosening of the corneal epithelium. No difference was found 
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between tissues exposed to moderate doses of mustard and controls 
(Table I). Confirmatory evidence that the earlier steps in the gly- 
colytic mechanism are not abnormal after exposure to mustard is foimd 
in the fact that iodoacetate, used in addition to mustard, gives the 
same inhibition of glucose consumption and the same increase in the 
hexose phosphate fraction (Table VI) as it does in the absence of 
mustard. 

(4) Lactate Utilization. By far the most pronounced metabolic 
effect which we observed in the cornea on exposure to mustard is an 
inhibition in the lactate disappearance (Table III). Since there was 
no parallel increase in the rate of consumption of lactate precursors 

TABLE n 


Glycogen Content of Corneal Epithelium after Exposure to Mustard 
The figures pven each represent the average of 3-15 samples. 

Incubation at 32°C. 



CONTROL 

EXPOSED 

Exposure 10 minutes 

Incubation time 



10 hours 

926 

799 

20 hours 

589 

519 

Exposure 15 minutes 

Incubation 20 hours 

783 

722 

+ 2 mg. glucose 

1052 

1106 


(glucose and glycogen), we concluded that the failure of the lactate 
reservoir to become depleted on incubation was due to an inhibition 
in the utilization of lactate, not to an enhanced rate of production. 
If iodoacetate is applied in addition to mustard, the lactate utilization 
is reestablished, though at somewhat slower rate than in the absence 
of mustard. The interpretation of this effect will be discussed in a 
subsequent paper (3). 

Exposure of the cornea to mustard vapor for 3 minutes results in a 
slight inhibition of lactate disappearance (Table IV). After exposure 
of 5 minutes the rate of lactate disappearance was reduced by some- 
what more than 50 %. Exposures of 15-20 minutes brought the 
disappearance of lactate to a complete standstill. Since in normal 
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controls there is a measurable loss of lactate on incubation for 2 hours 
our failure to detect any. loss of lactate following exposures of these 

TABLE in 

Lactic Acid Content of Beef Corneas. Effect of Mustard, lodoacetale, 
and Mustard + lodoacetate 
Exposure to mustard vapor: 5-10 minutes. 

Incubation: 12 hours at 32°C. 


inCKOGSAltS lACnC ACID EEK COSNEA 


Control 

lodoacetate mg. 
per cornea 

Mustard 

1 

1 

Mustard plus 
lodoacetate 

80 


1 

360 


90 

150 

360 


60 


240 


70 


330 

160 

160 


250 

350 

80 

130 

300 

210 

100 

90 

360 

180 

60 

SO 

310 

220 

60 

no 

270 

170 

no 

160 

410 

280 

170 

150 

440 

150 


250 

300 

220 


j 

330 

260 

Av 93 

140 

328 

220 


TABLE IV 

Effect of Mmlard on Lactic Acid Content of Beef Corneas. 
Variation in Exposure Time 
Incubation : 10 hours at 32°C. 


mCBOGKAlIS lACnC ACID PEK COSNEA 


EXPOSUHE INlONUrES 

WHOLE CORNEA 

EPITHELIUM 

STROMA 

0 

170 

22 

36 

3 

185 

15 

85 

5 

240 

45 

260 

10 

315 




magnitudes indicates that the lag period in the onset of inhibition of 
lactate utilization following exposure to mustard is less than two hours. 










TABLE V 

Efect of Mmlard on Exlraciahle Phosphate Fractions 
Incubation time: 10-12 hours at 32°C. 


laaOGltAllS PHOSPHOECS PEE coshea 


IP 

ATP 

DP 

PG 

Control 

5' 

Treat- 

ment 

10-20' 

Treat- 

ment 

Con- 

trol 

S' 

Treat- 

ment 

10-20' 

■ Treat- 
ment 

Con- 

trol 


10-20' 

■ Treat- 
ment 

Con- 

trol 

S' 

Treat- 

ment 

lQ-20' 

■ Treat- 
ment 

22 


23 

24 


27 

25 


14 

34 


38 

20 


25 

14 


23 

22 


13 

33 


43 

26 


27 

13 


17 

24 


35 

31 


41 

30 


28 

15 


23 

34 


31 

32 


' 37 

21 


33 

17 


26 

37 


22 

38 


44 

31 


32 

18 


27 

25 


18 



42 

19 


25 

15 


27 

22 


14 




19 


24 

19 


28 

20 


13 

32 


47 

24 


33 

28 


23 

14 


11 

38 


40 

25 


31 

15 


32 

25 


4 

42 


39 

25 


28 

21 


28 

17 


11 

34 


34 

26 


30 

14 



17 

15 


19 


25 

22 

22 

28 

12 

29 

22 

23 

15 

26 

36 


33 

17 

25 

27 

15 

23 

27 

25 

24 

6 

29 

1 

40 

19 

25 

25 

15 

17 

28 

22 

21 

7 

28 


32 

19 

26 

25 

13 

20 

31 

23 

17 

7 

28 


25 

23 

28 


14 

28 


28 

24 


22 

38 

35 

25 

28 


23 

18 


20 

1 23 


30 

35 

1 37 

24 

23 

24 

26 

19 

23 

20 

20 

23 

34 

33 

42 


23 



24 



18 



36 


23 

22 

21 

19 

22 

25 

23 

20 

22 


34 

40 


23 



21 



22 



36 


25 


27 

17 


13 

24 


34 




23 


36 

18 


18 

24 


18 

27 


45 

24 


30 

12 


28 

21 


22 

35 


41 

28 


31 

16 


17 

21 


34 




22 


29 

18 


22 

23 


26 




25 


28 

20 


30 

18 


17 




22 


22 

25 


30 

22 


16 




27 


31 

26 


32 

17 


22 




21 


24 

22 


26 

20 


25 




21 


25 

18 


24 

23 


22 




22 


26 

19 


28 

20 


22 




25 


30 

17 


25 

27 


21 




Av. 23 

24 

28 

18 

22 

25 

23 

19 

19 

32 

35 

40 


Total Extractable Phosphate Control 5' Treatment 10-20' Treatment 

Micrograms Phosphorus per Cornea 96 100 112 

IP = Phosphate determined directly i.e. inorganic phosphate -I- creatine phosphate + 
acetyl phosphate. 

ATP = Phosphate determined after 7 minutes hydrolysis with N/1 HCl minus IP, 
i.e. chiefly adenosine triphosphate. 

DP = Phosphate determined after 180 minutes hydrolysis with N/1 HCl minus 
(IP -h ATP), i.e. chiefly hexose diphosphate. 

PG = Phosphate determined after digestion with perchloric acid minus (IP + ATP -f- 
DP), i.e. chiefly glycerophosphate. 
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This effect is, therefore, among the earliest of the reactions to mustard 
so far recognized. 

These results are to be compared with those of our experiments 
premously reported on the loosening of the comeal epithelium following 

TABLE VI 

Extraciuhle Phosphate Fractions. Effect of Mustard, lodoacetate, 
and Inorganic Phosphate 
Exposure to mustard vapor: 10 minutes. 

Incubation: 10-12 hours at 32'’C. 
lodoacetate injected 0.5 mg. per cornea. 

Sodium phosphate injected 0.1 mg. per cornea. 


incaOGlWMS PHOSPHORUS PER COB15EA 


Phosphate 

Fractions 

Control 

lodoacetate 

Phosphate 

lodoacetate + 
Phosphate 

lodoacetate + 
Mustard 

lodoacetate + 
Mustard + 
Phosphate 

IP 

22 

■■ 



17 



25 




11 



20 

12 






26 

13 





ATP 

20 

7 

22 


2 

10 


21 

9 

25 

15, 5 

9 

0 


15 

15 

26 

11 


5 


19 

16 

23 

15 


8 

DP 

25 

40 

16 

85, 98 

S3 

82 


25 

54 

21 

59, 63 

45 

82 


22 

42 

28 

51, 63 


76 


20 

42 

35 

85 1 


78 


IP = Phosphate determined directly i.e. inorganic phosphate + creatine phosphate 
+ acetyl phosphate. 

ATP = Phosphate determined after 7 minutes hydrolysis with N/1 HCl minus IP, 
i.e, chiefly adenosine triphosphate. 

DP = Phosphate determined after 180 minutes hydrolysis with N/1 HCl minus (IP 
+ ATP), i.e. chiefly hexose diphosphate. 

exposure to mustard. Under the conditions of our experiments this 
symptom was just detectable on incubation’ following exposure of 5 
minutes, and was maximal following exposures of 15-20 minutes. 
The first appearance of the symptom occurs after 5-6 hours of incuba- 
tion; that is, after the onset of the inhibition of lactate utilization. 
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If there is a causal connection between these two phenomena, the 
inhibition of lactate utilization is the cause of the loosening, not the 
reverse. 

(5) Phosphate Fractions. A study of the phosphate fractions 
showed a shght but definite increase in the total extractable phosphate 
(Tables V, VI). In a previous paper (1) it was noted that mechanical 
separation of the epithelium from the stroma also results in an increase 
in the extractable phosphate. One may raise the question whether 
the loosening of the corneal epithelium by mustard similarly activates 
a system for the mobilization of soluble phosphate. 

DISCUSSION 

The major effects of mustard injury disclosed in these experiments 
are an inhibition of the utilization of lactate and a decrease in the 
oxygen uptake, the decreased oxygen uptake being approximately 
equivalent to that required for the complete combustion of the un- 
utilized lactate. These metabolic changes are found within the same 
dosage range as that required for the loosening of the corneal epithe- 
lium and occur in advance of the first noticeable manifestation of 
loosening. There is no proof that these two phenomena are causally 
connected. In the present discussion, we wish merely to analyze what 
interpretations would be imposed on our various findings by the 
acceptance of the notion that the metabolic changes which we have 
found, and the subsequent loosening of the comeal epithelium, are 
causally connected. 

In the study of the loosening of the comeal epithelium it was shown 
that imder anaerobiosis the loosening does not occur. Our present 
findings, that the oxygen uptake of mustard treated tissue is inhibited 
in proportion to the reduced consiunption of lactate, present an 
apparent paradox for there appears, at first sight, to be no oxidation 
left over to account for the loosening of the epithelium. The onset 
of the decline in O 2 uptake, however, apparently lags behind the 
decline in lactate consumption by an interval of one or more hours. 
Since the time of onset of the inhibition of lactate utilization and of 
decreased O 2 uptake cannot be specified exactly, the magnitude of the 
lag between them cannot be estimated. The difference may, however. 
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be sufficient to account for the oxidation of appreciable cellular 
material. The fact that this excess of oxygen uptake over the ap- 
parently available substrate eventually stops may be taken to indicate 
that some oxidizable component finally gets used up in the process. 

In the normal cornea after incubation for 15-20 hours the lactate 
reservoir is depleted, but the oxygen uptake in the normal tissue does 
not decline as it does after the utilization of lactate is inhibited by 
mustard. On the contrary, there is frequently a rise in O 2 uptake, 
and we have attributed this rise, and the absence of a fall, to the 
oxidation of non-carbohydrate metabolites. It may be noted that 
some partial loosening of the epithelium occurs under these conditions. 
Nevertheless one may well ask — ^how is the failure of utilization of 
such alternative substrates to be explained in the case of mustard 
injury? It may be supposed that the hydrogen transport system 
which links the oxidation of lactate to the reduction of molecular 
oxygen contains many steps. The failure of the system to oxidize 
alternative substrates when lactate cannot be utilized indicates that 
the inhibition produced by mustard may not affect specifically the 
lactic acid dehydrogenase, but rather some enzyme system higher up 
in the chain. On the other hand the fact that some oxidation (50-70% 
of normal) goes on even when the utilization of lactate is completely 
inhibited indicates that the hydrogen transport system for lactate 
and its alternates is a special one, distinct from that involved in the 
rest of the respiratory process. Glucose and glycogen are, for instance, 
utilized at a normal rate in mustard treated corneas, and their utiliza- 
tion is not associated with an extra accumulation of lactate except 
under anaerobiosis. 

Our experiments, therefore, suggest that in the cornea there is a 
special hydrogen transport system for at least a major part of the 
lactate oxidation, that this transport system is damaged by nhustard, 
and that, as a consequence, some component of this system, which 
normally is kept chiefly in its reduced state by the oxidation of lactate 
or its alternates, becomes oxidized. The hypothesis tha.t these 
metabolic events are connected with a loosening of the epitheli^ 
requires the more specific assumption that the oxidation of t is 
intermediate is the cause of the loosening, because on incubation 
under nitrogen the loosening does not occur. 
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XII. FURTHER EXPERIMENTS ON. CORNEAL METABO- 
LISM IN RESPECT TO GLUCOSE AND LACTIC ACID* 

HEINZ HERRMANN Airo FAY H. HICKMAN 
I. GLUCOSE CONSUMPTION AND LACTATE PRODUCTION 

In preceding papers we have been dealing with some reactions of the 
endogenous carbohydrate metabolism in the excised surviving cornea. 
In particular, we followed the depletion of the stores of glycogen and of 
lactate, and observed that the lactate utilization is almost completely 
blocked by mustard within a short time after exposure. 

There is only a small quantity of glucose in the fresh cornea and this 
amount disappears within the first two hours of incubation, while the 
stores of glycogen and of lactate are not exhausted for 12 and 20 hours 
respectively. It follows that in the case of the excised cornea the 
maintenance in the normal state for as long as one day, or the develop- 
ment of the pathological lesion (loosening of the epithelium) which 
does not appear before 5 hours after exposure to mustard, cannot be 
connected with the normal or disturbed metabolism of glucose. Al- 
though glucose metabolism could not, therefore, be of direct relevance 
for the maintenance and pathology of the excised cornea during this 
time interval, an examination of glucose utilization in the cornea was 
nevertheless desirable. In vivo, glucose is constantly supplied to the 
cornea by the tears and through the limbal capillaries. Moreover, 
our previous experiments have shown that externally supplied glucose 
is utilized, and that in the presence of glucose the lactate and glycogen 
reservoirs in the tissue are kept filled. Therefore, experiments were 
carried out in which the utilization of glucose was tested more directly 
both in the whole cornea and in the separated stroma, in normal 
samples as well as after exposure to mustard. By separating these 
experiments on the utilization of externally supplied glucose from our 
previous data on utilization endogenous materials, we hoped to gain 
some clarity in the presentation of the problem. 

* The work described in this paper was done under a contract recommended 
by the Committee on Medical Research between the Office of Scientific Research 
and Development and the Johns Hopkins University. 
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were estimated chemically on some samples before incubation, on 
others after incubation for 10 hours (Table II). The glucose con- 
sumption of the control and mustard treated corneas was essentially 
equal, but the lactate reservoir rose to slightly higher levels in the 
controls than in the treated corneas. Since in the mustard treated 
corneas the utilization of lactate is, as we already know, markedly 
reduced, the difference in the rise of the lactate level is probably 
significant. 

Similar experiments performed on the denuded stroma (Table III) 
showed that glucose consumption and lactate production ceases in the 

TABLE II 

Glucose Utilization and Lactate Production in Excised Corneas, 

Normally and after Exposure to Mustard 


Incubation time: 10 hours at 32°C. 

2 mgms. of Glucose per cornea. Two corneas per sample. 


GLUCOSE CONTENT IN inCKOGRAUS PER CORNEA 

LACTATE CONTENT IK UICXOGRAIitS PER CORNEA 

Sefore incubation 

After incubaUon 

Before incubation 

After incubation 

Controls 

Exposed 

Controls 

Exposed 

1392 

347 

462 

450 

750 

605 

1419 

351 

523 

420 

620 

530 

1816 

KB 

616 

316 

506 

516 

1780 

■1 

530 

328 

483 

466 

Average 1602 

437 

533 

379 

■^9 

529 

Glucose consumed 

1165 

1069 

Increase in Lactate — 


150 

Consumed per hour — 

117 

107 


■ 



denuded tissue after 4 to 5 hours of incubation. During the first three 
hours the glucose consumption is about 100 micrograms per cornea per 
hour, practically equal to that of the whole cornea. Only about half 
of the glucose lost is recovered as lactate. No difference was found 
between controls and mustard treated tissues. 

Since the stroma has no oxygen uptake, our failure to recover all 
the lost glucose as lactate required explanation. Studies were there- 
fore made on the extractable phosphate of the tissue. Experiments 
previously reported have shown that, when whole corneas are incubated, 
no changes occur in the phosphate fractions determined on the epithe- 
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lium and stroma separately. It was found, however, that after incu- 
bation of the denuded stroma there is a very marked increase in the 
least easily hydrolizable phosphate fraction (mainly glycerophosphate) 
without any change in the total extractable phosphate. The increase 
occurs chiefly at the expense of inorganic phosphate which is almost 
completely used up in the process. The increase in slowly hy- 
drolizable phosphate amounted to 20-30 micrograms phosphorus per 

TABLE ni 

Glucose Utilization and Lactate Production in the Isolated Stroma 
with and without Exposure to Mustard 
Exposure time: IS minutes. Preliminary maintenance at room temperature. 
Incubation at 32°C. 


PRELimNARY 

UAINTENANCE 

INCUBATIOK 
AFTER tNJECTtOK 

GLUCOSE UTILIZATION IN MICRO- 
GRAUS 

LACTATE INCREASE IN MICRO- 
CRAXIS 

Control 

Exposed 1 

Control 

Exposed 

hrs. 

hrs. 





3 

31 

310 

340 

24 

20 



380 

280 

124 

119 

4 

4 

410 

400 

80 

80 



290 

340 

120 

95 

5 

5 

360 

380 

200 

210 



550 

580 

205 

220 

2 

8 

430 

415 

210 

230 



475 

450 

j 

243 

238 

2 

8 

440 

505 

168 

179 



450 

390 

205 

212 


cornea. If this is counted as glycerophosphate it accounts for the 
major part of the difference between glucose lost and lactate recovered. 
It appears, therefore, that the denuded stroma stops utilizing glucose 
because it is unable to transfer phosphate from glycerophosphate to 
glucose. This transfer requires the presence of carriers of energy-rich 
phosphate bonds. In the absence of the epithelium these carriers 
apparently are gradually lost. Presumably the epithelium normally 
assists the stroma in the production of such phosphate carriers. 
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In the intact mustard treated cornea no such marked change is found 
in the extractable phosphate fractions of the stroma. It is to be con- 
cluded, therefore, that the decrease in glucose consumption, which 
sometimes occurs after exposure to mustard, is probably not due to the 
same mechanism as that which occurs in the denuded stroma. It 
might be due to an inhibition of hexokinase, which Dixon (1) has 
shown to be specially susceptible to mustard injury. An examination 
of Table IV shows that the the mustard effect on glucose consumption 
does not occur regularly, but depends in large measure on the conditions 
of incubation following exposure to mustard. The fact that the lossof 
glucose consuming power in the denuded stroma is no more rapid 

TABLE IV 


Effect of Mustard upon Glucose Utilization under 
Varying Experimental Conditions 


EFFECT OF MUSTAHD ON 
OITJCOSE UTILIZATION 

TISSUE 1 

GAS PHASE 

SUBSTRATE SOLUTION SUPPLIED 

No inhibition 

Whole 

Oz 

Injection of glucose b Rbger’s 


Cornea 



No inhibition 

Whole 

Ns + COi 

No external substrate suspended 


Cornea 


in Ringer + bicarbonate 

No inhibition 

Stroma 

Os 




(no uptake) 

Injection of glucose in Ringer’s 

Inhibition (30%) 

Whole 

Ns + COs 

Suspended in glucose solution in 


Cornea 


Ringer -f bicarbonate 


after mustard treatment than in the controls suggests that this mustard 
effect on the glucose metabolism may be located in the epithelium 
rather than in the stroma. 

n, LACTIC ACm CONSUMPTION 

In the experiments reported above it was found that the freshly 
denuded stroma can consume glucose at a rate of 100 micrograms per 
hour equal to that of the whole intact tissue. One might conclude that 
in the presence of a constant supply of glucose practically the whole 
carbohydrate requirement of the epithelium might be met by lactate 
supplied from the stroma, and that the epithelium consumes little or 
no glucose directly. This, however, seems not to be true, for if lactate 
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is injected into the stroma and the whole cornea incubated without 
added glucose, the lactate is consumed at a rate of 25 micrograms per 
hour; that is, at precisely the same rate at which the normal endogenous 
reservoir of lactate is depleted in the absence of added substrate. 
It is to be concluded that this is the maximum rate at which lactate 
can be transferred to or consumed by the epithelium. Since in the 
presence of abundant glucose the lactate reservoir rises only slightly, 
the stroma in the intact cornea cannot be utilizing glucose at a rate 

TABLE V 

Comparison of Disappearance of Endogenous and Injected Lactate in 
Control Corneas and after Exposure to Mustard 


Exposure to mustard; 10 minutes. 
Incubation: 10 hours at 32°C. 
Three corneas per sample. 



MIC20CEAMS OF LACTATE PEE CORNEA 



Average 

Estimated Lactate 
Consumed 

Before Incubation: 




Uninjected 


376 


Injected 


1310 


After Incubation: 

Controls: 


■■ 


Uninjected 

66, 105 


290 

Injected 

1050, 1040 


265 

Exposed to Mustard: 
Uninjected 

386, 253 

H 

57 

Injected 

1253, 1200 


84 


much greater than 25 micrograms per hour. When the epithelium is 
removed the rate of glucose utilization in the stroma increases three- 
fold. Returning to the mustard problem, we found that exposure to 
mustard inhibits the utilization of injected lactate in the same degree 
as it inhibits the utilization of endogenous lactate (Table V). 

Our previous analysis has shown that approximately three fourths 
of the lactate reservoir in the fresh cornea is to be found in the stroma. 
Though the amount in the epithelium represents a small fraction of 
the total, the concentration of lactate in the epitheliiun is about twice 
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V 


that in the stroma. It is not clear whether the epithelial lactate is 
denved in whole or in part from the stroma supply, and whether part 
of the epithelial lactate reserve, which accumulates in the presence 
of an abundant supply of glucose, may be due to a bottle neck in the 
hydrogen transport system of the epithelium, which permits some 
lactate to be formed by glucolysis in excess of the rate of oxidation. 
The possible competition of various oxidizable substrates for a limi ted 
supply of oxidized coenzymes has already been discussed in a previous 
paper. 

Distinct from the question of the origin of the epithelial lactate is 
the further question of the utilization of lactate by the epithelium. 
In order that the epithelium may utilize the stroma lactate, the trans- 
port of stroma lactate to epithelium, either by diffusion or by active 
transfer is required. Furthermore, the utilization of the stroma 
lactate by the epithelium may involve mechanisms distinct from those 
available for use of endogenous lactate within the epithelium. Since 
the utilization of lactate is inhibited by mustard it was possible to 
attack this question experimentally, and to test whether the utilization 
of lactate from the two sources is equally affected by mustard injury. 

In a preliminary series of experiments the corneas, after exposure to 
mustard, were incubated for varying periods. The epithelium was 
then scraped off and the lactate content of the separated tissues es- 
timated separately. The results were compared with fresh unin- 
cubated tissues and with control samples not exposed to mustard but 


incubated for the same period. 

In control samples the epithelial lactate reservoir drops sharply 
during the first hour (Table VI). The stroma lactate remains un- 


:hanged during this period. Whether this is because no stroma 
actate is transferred to the epithelium during this time, or because the 
ate of production of lactate from the rapidly exhausted endogenous 
[lucose reserve in this tissue just equals the loss, is not clear. ^ Since 
he fresh stroma contains glucose and under special experimental 
londitions has been shown capable of utilizing it, one would be in- 
lined to assume that the latter is the case. About two hours after 
ncubation a beginning depletion of the stroma lactate reserve becomes 
neasurable. This coincides with the time of depletion of endogenous 
ducose. Also, it coincides with the time when the lactate concentra- 
ion in the epithelium has fahen approximately to that m the stroma. 
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in epithelium and stroma while other samples are incubated aerobically 
to test the loss of lactate in the two tissues. Neither of these procedures 
can be regarded as leaving the tissue imaffected except in preventmg 
the consumption of lactate. As a matter of fact, both procedures had 
previously been shown to suppress the pathological process of loosening 

TABLE VII 


Lactate Disappearance in Corneal Epithelium after Preliminary 
Maintenance at 0°C. 


INCUBATION 

ATO^C. 

INCUBATION 

AT29'’C. 

LACTATE CONTENT OF EPIIHELnjlI IN HICEOGEAMS PEE COENEA 

Before Incubation at 2!>°C. 

After Incubation at 29'C. 

Control 

Exposed to 
Mustard 

1 Control 

1 

Exposed to 
Mustard 

hours 

hours 





7 

3 

115 

105 

55 

SI 





57 

55 


2i 

96 

90 

53 

52 




1 

1 

53 

51 

7 

3 

72 

67 

42 

42 





40 

50 

6 

2 

84 

87 

42 

42 





45 

52 

6 

2 

84 

93 

47 

54 





42 

53 

6 

2 

107 

95 

49 

,55 

Average 


93 i 

89 

48 

51 





(inhibition absent) 




LACTATE CONTENT OF VIHOLE COENEAS 

i 




IN inCBOGSAUS 


1 

10 

420 

410 

120 

360 





190 

330 



' 


(inhibition present) 


of the epithelium and even to reduce slightly the loosening of the 
epithelium which occurs on subsequent aerobic incubation. This 
complication is, however, not without advantage, for if the loosening 
of the epithelium is, as we have suggested, connected with the inhibi- 
tion of lactate consumption, then we should find that mustard trea e 
tissues subjected to these preliminary treatments would show less 
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inhibition of lactate utilization on subsequent aerobic incubations 
than is the case in tissues incubated aerobically directly after exposure. 

Preliminary incubation at zero degrees revealed no effect (Table 
VII).- The decline of lactate concentration in the epithelium during 
the first 2 to 3 hours of subsequent incubation at 29°C was the same 
as in the controls, while estimates of the lactate content of the whole 
cornea following ten hours of incubation at 29°C. showed that the 

TABLE vm 


Lactate Content in the Epithelium after Preliminary Anaerobic Maintenance 
IncubaUon at 29°C. 

Epithelium of 4 Corneas per sample. 


INCUBATION 

ANAEXODICAIXY 

1 INOTBATrON 
AZBOBICALLY 

1 lACTATE CONTENT OF EPITHELIUM IN MICaOGRAUS PEE COENEA 

1 Before Aerobic Incubation 

After Aerobic Incubation 

Control 

Esroosed to 
Mustard 

Control 

Exposed to 
Mustard 

hours 

hours 





2h 

2i 

■ 74 

88 

32 

40 





29 

50 

5 

2i 

101 

122 

69 

86 





50 

94 

4 

2i 

92 

125 

59 

62 





63 

71 

2§ 

21 

70 

95 

25 

34 





34 

45 

4 

2i 

105 

120 

55 

69 





63 

77 

4 

21 

110 

139 

71 

105 





67 

103 

Average 


92 

115 

51 

70 



Lactate Consumed 

41 i 

45 


stroma stores were completely intact. This result might perhaps 
have been predicted, for at zero degrees both the biochemical con- 
sequences of the combination of mustard with the tissue and also 
any recovery from the injurious effects should be almost completely 
inhibited. 

E.xperiments in which there was a preliminary period of anaerobic 
incubation, however, afforded quite clear cut results. In the first 
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place, there was a marked decrease in the inhibition of lactate consump- 
tion on subsequent aerobic incubation. In the second place no inhibi- 
tion in the consumption of the epithelial lactate reservoir was found in 
those experiments (Table VIII), and all the remaining inhibition had 
to be attributed to an injuiy in the mechanisms for consumption 
of stroma lactate (Tables IX, X). These experiments considered by 
themselves leave it still unclear whether the mechanism for consump- 
tion of endogenous lactate in the epithelium is less susceptible to 
mustard injury than the mechanism for transfer and consumption 
of stroma lactate, or whether the former merely recovers more com- 

TABLE IX 

Disappearance of Lactate from Whole Corneas after Exposure to Mustard and 
after Preliminary Anaerobic Incubation at 15°C. 


LACTATE CONTENT IN UICEOGEAUS VEK COSNE A 


After Anaerobic Incubation at 1S“C. for 10 hours 

i 

Anaerobic Incubation at IS'C. for 10 hours 
followed by 

Aerobic Incubation at28'C. for lOhours 

Controls 

Erposed to Mustard 

Controls 

Exposed to Mustard 

300 

396 

8 

160 

316 

342 

25 

174 

271 

270 

26 

166 

266 

415 

25 

1 

150 

00 

00 

331 

21 

162 


Lactate Consumed 

267 

169 


pletely under anaerobiosis. Taken in connection with the experiments 
without preliminary anaerobic incubation, the former of these two 
possibilities seems more likely, but in any case, it is clear from these 
experiments that the two mechanisms are sharply distinguished. 

The consideration of these experiments reveals one further minor 
point. After anaerobic incubation, the lactate level in the epithelium 
rises somewhat higher in mustard treated corneas than m the controls. 
This may be correlated with the increased rate of glycogen consump- 
tion during the first few hours after exposure to mustard noted in a 
previous paper. It is also to be correlated with the diminished total 
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lactate production in the whole cornea after exposure to mustard in 
the presence of glucose. We have previously suggested that this 
deficit in lactate production is attributable to a partial inhibition 
of glucolysis in the epithelium. With a decrease in the ability of the 
epithelium to utilize its endogenous glucose, the mustard treated 
tissue would be expected to begin consuming its endogenous glycogen 
sooner than the controls, and this is what we have found. It is likely, 
however, that in the presence of extra glucose the utilization of gly- 
cogen in the epithelium is suppressed. 

TABLE X 

Lactate Disappearance from Whole Corneas after a Preliminary 
Anaerobic Maintenance Period 
Anaerobic; 10 hours; Aerobic; 10-12 hours. 

Incubation Temperature 29°C. 


LACTATE CONTENT IN UlCROGEAUS PEE CORNEA 


After Anaerobic Maintenance | 

After Anaerobic and Subsequent Aerobic 
Maintenance 

Control 

Exposed to Mustard 

Control 

Exposed to Mustard 

1100 

1180 

690 

690 

950 

920 

690 

810 

1150 

1250 

590 

760 

1480 

1150 

720 

810 

740 

1000 

550 

620 

1000 

1000 

650 

700 

Av 1070 

1083 

648 

732 

Lactate Consumed 

422 

351 


SUMMARY 

The experiments reported here have added somewhat to our knowl- 
edge of the metabolic interactions between comeal stroma and epithe- 
lium. It was found not merely that the epithelium consumes the 
lactate produced by the stroma, but indirect evidence suggests that 
in addition the rate of glucolysis in the stroma is markedly influenced 
by the presence of the epithelium. In other tissues, the intracellular 
control of the rate of glucolysis and glycolysis by the activity of the 
respirator^’^ system is well recognized, and has been called the Pasteur 
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eSect. The comeal epithelium exhibits a typical Pasteur effect in that 
glycogen is consumed more rapidly under anaerobic than under aerobic 
conditions. In addition, it appears that in the cornea the interaction 
of epithelium and stroma involves processes similar to those concerned 
in the Pasteur effect. In the intact tissue it is estimated that about 
one quarter of the carbohydrate requirement of the epithelium is 
furnished in the form of lactate by the stroma. 

At least one of the metabolic interactions between stroma and 
epithelium is profoundly damaged by mustard injury in doses which 
likewise lead to a loss of cohesion between the two tissues. Moreover, 
anaerobic incubation which diminishes the effect of mustard injury 
in respect to loosening of the epithelium also diminishes the effect 
in respect to this metabolic interaction. It may be suggested, there- 
fore, that the metabolic interaction between stroma and epithelium 
is connected with the mechanism for the maintenance of the tissue 
cohesion, and that injury to this mechanism by mustard results both 
in the loss of cohesion and in the loss of metabolic interactions. 

The mechanism by which the epithelium consumes its endogenous 
stores of lactate is distinct from that by which it acquires and con- 
sumes the lactate of the stroma, the latter being more susceptible 
to mustard injury than the former. The question as to whether the 
transport of lactate from stroma to epithelium involves an active 
transfer or simple diffusion will be discussed in a subsequent paper. 

REFERENCES 

1) Dixon,M., AND Needham, D.M.; Biochemical Research on Chemical Warfare 

Agents. Nature, 158, pp. 432-438, 1946. 



XIII. THE CONSUMPTION OF PYRUVATE, ACETOIN, 
ACETATE, AND BUTYRATE BY 
THE CORNEA* 

HEINZ HERRMANN and FAY H. HICKMAN 

In the preceding papers we have been concerned with the utilization 
of glucose, glycogen, and lactate by the cornea. Presiunably the 
major oxidative pathways for the consumption of aU three of these 
substrates pass through pyruvate. Nevertheless no appreciable 
quantities of pyruvate (or other keto acids) are to be found in the 
cornea. One would ex-pect, therefore, that the utilization of pyruvate 
must be veiy^ rapid. In the present paper we shall report the results 
of our studies on the utilization of pyruvate which, in certain respects 
confirm this expectation. The latter e.xperiments were not pushed to 
a final conclusion since it was found that exposure to mustard yields 
no detectable change in pyruvate consumption. A partial picture 
of the route of pyruvate utilization in the cornea was nevertheless 
achieved and will be reported here. 

TECHNIQUE 

Beef corneas were used in these e.xperiments. The manipulation 
of the corneas and the technique of application of inhibitors and 
metabolites has been described in previous papers. The method of 
assay of lactate has also been reported previously. 

Pyruvate was prepared from a fresh sample of Eastman’s pyruvic 
acid by fractional distillation, careful neutralization of the proper 
fraction with sodium hydro.xide, and precipitation of the sodium 
salt with alcohol. Determinations of pyruvate in trichloracetic acid 
extracts of corneas were carried out according to Lu’s method (1). 
Acetaldehyde was determined by the method of Stotz (2). CO 2 
was measured manometrically as described below. 

Acetate determinations were carried out as follows: 3 corneas were 
pooled for eacli sample and 8 ml. of N/12 HsSOi and 1 ml. of a 10% 

* The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the OfScc of Scien- 
tific Research and Development and the Johns Hopkins University. 
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solution of sodium tungstate were added. The samples were allowed 
to stand for about one half an hour and then ground in a mortar for 15 
minutes. The extracts were separated from the insoluble residue, 
and to each sample 10 ml. of a saturated solution of NaHzPOi, con- 
taining 1 ml. of concentrated phosphoric acid and 100 mg. of phenyl- 
hydrazine, were added. The mixture was placed in a vacuum still 
and the pressure reduced to 10-12 mm. Hg and steam slowly admitted. 
The connection of the pump was closed and the steam distillation 
continued for 20-30 minutes, the vacuum decreasing in this time to 
50-60 mm. Hg. The distillate was titrated with 0.01 N NaOH using 
phenolphthalein as indicator. 

Acetoin was determined by the method of Stotz and Rahberg (3). 
We used two corneas per sample. To these we added a sufficient 
amount of the tungstate sulfuric acid mixture to bring the volume to 
10 ml. After standing at room temperature for at least 15 minutes 
the corneas were ground in a mortar and the solid particles removed 
by centrifugation. 2 ml. of the extract were used for conversion 
to diacetyl and half of this for distillation. 2 ml. of 2.5% bromine 
water were used for bromination. Octylalcohol, which is prescribed 
as a detergent to be used in the wash fluid, was not immediately avail- 
able. We found that 0.02% zephiran* had the desired effect and did 
not interfere with the determination. 

Butyric acid was determined by a method which followed in principle 
that of Bobbit and Deuel (4). Ten corneas were placed in 100 ml. of 
0.1 N H2SO4 containing 1% sodium tungstate. After standing at room 
temperature for 15-20 minutes they were ground in a porcelain mortar 
without sand for at least 10 minutes. The fluid was poured into 
centrifuge tubes and 80 mi. of clear supernatant fluid was collected 
after centrifugation. This was transferred to an Erlenmeyer flask 
and 20 ml. of 10% CuS04 were added. Ten mg. of powdered Ca(OH)2 
were added and the suspension was shaken vigorously every 10 minutes 
for half an hour. After this the sample was filtered and 50 ml. of the 
filtrate used for distillation. 100 ml. of N/1 H2SO4 were added a.nd 
distillation performed until only about 10 ml. remained in the distilling 
flask. The distillate was transferred to a flask connected with a 

1 Zephiran is alkyl (Cs-C isl-dimethyl-benzyl ammoniui chlorid, Alba Pharm. 
Co. 
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reflux condensor. 100 ml. of van Slyke’s mercury reagent were added 
to the distillate and the mixture was refluxed. When boiling com- 
menced 10 ml. of a saturated potassium bichromate solution were added 
through the reflux condensor and the boiling was continued for 15 
minutes. The fluid was then distilled off until 25-50 ml. remained 


TABLE I 

Uiilizatwn of Pyruvate by Beef Cornea 


UICSOGRAUS or rYRU\'ATE XTCOVERED PER CORKE A 



INJECTED 

Whole cornea 

Stroma 

Immediately after in- 

1 mg. 

410 


480 

410 

510 

470 

jection 


470 

■i 

430 

560 



After incubation 








Time Temp. 

2 hr. 32°C. 

1 mg. 

210 



490 

480 


4 hr. 32'’C. 

1 mg. 

125 

Its 


370 

390 


5 hr. 32°C. 

1 mg. 

100 

105 


390 

480 




120 

110 

1 




Immediately after in- 

2 mg. 

1535 

1350 





jection 








.\ftcr incubation 







1 

Time Temp. 

4 hr. 29°C. 

2 mg. 

590 

550 





Immediately after in- 

4 mg. 

3000 






jection 





1 



.\fter incubation 








Time Temp. 

2i hr. 29'’C. 

4 mg. 

1935 

1930 






in the distilling flask. The distillate was aerated with CO; free air 
and titrated with 0.01 N NaOH using bromthymol blue as indicator. 


RESULTS 

1) Pyrmalc Consumplion. \\Tien sodium pyruvate is injected 
into the corneal stroma denuded of epithelium and tissue incubated 
practical!}' all of the injected pyru\'ate can be recovered on subsequent 
extraction (Table I). It is not surprising that this tissue, which 
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has no -.measurable oxygen uptake, should fail to oxidize pyruvate, 
but it -is rather remarkable that only small losses of pyruvate occur 
by dismutation or reduction. 

When- pyruvate is injected into the corneal stroma with the epithe- 
lium intact very rapid disappearance of pyruvate can be observed. 
This is particularly marked when 2 mg. or more of pyruvate is injected 
per cornea. With such a large surplus of substrate the rate of con- 
sumption is approximately 400 micrograms per hour per cornea. 
This is to be compared with the previously reported rates of consump- 
tion of glucose (100 micrograms per hour) and of glycogen and lactate 
(each 25 micrograms per hour). With lower concentrations of pyru- 
vate in the tissue the rate of disappearance of pyruvate falls off roughly 
in proportion to the concentration. Since the pyruvate is consumed 
almost exclusively by the epithelium, one may compare the activity 
of this tissue with some others for which data are available in the 
literature. The wet weight of the epithelium of one cornea is ap- 
proximately 80 mg. Since this is capable of consuming 400 micro- 
grams per hour we reach a figure of about 5 X 10“* mM per gram wet 
weight per hour. This is comparable to the rate found in heart muscle 
by D. H. Smyth (5). 

The rate of pyruvate disappearance in these experiments is un- 
influenced by anaerobiosis (Table II) or by exposure of the tissue to 
mustard (Table III), iodoacetate, fluoride, or arsenite (Table IV). 
The possible effect of mustard was tested for by injecting pyruvate 
into the cornea not only immediately after exposure to mustard but 
also after incubation periods of 4^8 hours following exposure. This 
was done in order to disclose the possibly delayed appearance of a 
mustard effect, but the consumption of pyruvate was nonnal in all 
these experiments. 

2). Lactate Production. The fact that the rate of pyruvate disap- 
pearance was the same aerobically and anaerobically, the further 
fact that the aerobic disappearance of pyruvate was not associated 
with any increase in the oxygen uptake, both indicated that we were 
dealing with a dismutation rather than an oxidation of pyruvate. 
This conclusion was confirmed by the finding that approximate y 
one half of the pyruvate which disappears can be recovered as lacta e 
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TABLE II 


PyruTOie Disappearance and Lactate Production under Anaerobic Conditions 
Incubation time: 4 hours. 

Temperature: Sl'C. 


1 : 

ntu* 

VATE 

ADDED 

lUOtOCRAUS PER COS^XA 

ESTI- 

MATED 

n'su- 

VATE 

CON- 

SUMED 

ESTJ- 

ilATED 

lACTATE 

PRODUaJ) 

TPOU 

PYRU- 

VATE 

PjTuvale 

Lactate 

Before incubation 

+ 

540 

500 

385 

420 




Incubated under H; 

— 



570 

620 

630 



Incubated aerobically 

+ 

ISO 

170 

570 

535 


360 


Incubated in evacuated 









Thunberg tubes 

+ 

150 

130 

880 

890 


380 


Incubated under H* 

+ 

100 

120 

785 

760 


410 



TABLE m 

Disappearance of Pyrtnatefrom Beef Cornea after Exposure to MuslardVapor for 15 Minutes 
Estimated uptake 0.6 micrograms mustard per cm* per minute. 

Amount of pjTuvatc used for injection: 1 mg. 

Corneas per sample: 2. 

Incubation Temperature: 28®C. 

Controls injected with p>Tuvatc and incubated but not exposed to mustard. 


JKCOflATION TIME 
PETTSXEN EXPOSURE 
TO UrSTARD AKD 
INJECTION Of 
r\'RU\’ATr 

INCUBATION TIME 
AFTER INJECTION 
or rvRxrs'ATE 

MICROCRAUS or P«UV'ATE RECO\TRED PER CORNEA 

- 

None 

Control 

540 

560 


4 hours 

5 hours 

Control 

100 

90 




Treated 

97 

95 


12 hours 

5 hours 

Control 

60 

60 




Treated 

80 

90 


5 hours 

5 hours 

Control 

170 

130 

130 



Treated 

170 

160 

145 

8 hours 

2 hours 

Control 

300 

370 

350 



Treated 

350 

360 

310 


(Table V). The rate of reaction as measured by the lactate production 
was also uninfluenced hy anaerobiosis (Table II) or by e.-eposure to 
mustard. 
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has no :measurable oxygen uptake, should fail to oxidize pyruvate, 
but it, -is rather remarkable that only small losses of pyruvate occur 
by dismutation or reduction. 

When- pyruvate is injected into the corneal stroma with the epithe- 
liiun intact very rapid disappearance of pyruvate can be observed. 
This is particularly marked when 2 mg. or more of pyruvate is injected 
per cornea. With such a large surplus of substrate the rate of con- 
sumption is approximately 400 micrograms per hour per cornea. 
This is to be compared with the previously reported rates of consump- 
tion of glucose (100 micrograms per hour) and of glycogen and lactate 
(each 25 micrograms per hour). With lower concentrations of pyru- 
vate in the tissue the rate of disappearance of pyruvate falls ofl roughly 
in proportion to the concentration. Since the pyruvate is consumed 
almost exclusively by the epithelium, one may compare the activity 
of this tissue with some others for which data are available in the 
literature. The wet weight of the epithelium of one cornea is ap- 
proximately 80 mg. Since this is capable of consuming 400 micro- 
grams per hour we reach a figure of about 5 X 10“* mM per gram wet 
weight per hour. This is comparable to the rate found in heart muscle 
by D. H. Smyth (5). 

The rate of pyruvate disappearance in these experiments is un- 
influenced by anaerobiosis (Table II) or by exposure of the tissue to 
mustard (Table III), iodoacetate, fluoride, or arsenite (Table IV). 
The possible effect of mustard was tested for by injecting pyruvate 
into the cornea not only immediately after exposure to mustard hut 
also after incubation periods of 4—8 hours following exposure. This 
was done in order to disclose the possibly delayed appearance of a 
mustard effect, but the consumption of pyruvate was normal in all 
these experiments. 

2). Lactate Production. The fact that the rate of pyruvate disap- 
pearance was the same aerobically and anaerobically, the further 
fact that the aerobic disappearance of pyruvate was not associated 
with any increase in the oxygen uptake, both indicated that we were 
dealing with a dismutation rather than an oxidation of pyruvate. 
This conclusion was confirmed by the finding that approximate y 
one half of the pyruvate which disappears can be recovered as lactate 
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TABLE n 

Pyruvate Disappearance and Lactate Production under Anaerobic Conditions 


Incubation time: 4 hours. 
Temperature: Sl^C. 


1 ; 

; PVRU- 
; VATE 
ADDED 

MICSOGSAH5 FES COSKEA 

ESTI- 

MATED 

PYRU- 

VATE 

CON- 

SUMED 

ESTI- 
MATED 
j lACTATE 
PRODUCiiD 
PSOU 
PYRU- 
VATE. 

Pyruvate 

Lactate 

Before incubation 

+ 

540 

500 

385 

420 




Incubated under Hj 

— 



570 

620 

630 



Incubated aerobically 

+ 

ISO 

170 

570 

535 


360 


Incubated in evacuated 









Thunberg tubes 

+ 

150 

130 

880 

890 


380 

280 

Incubated under Hj 

+ 

100 

120 

785 

760 


410 

170 


TABLE m 

Disappearance of Pyruvatefrom Beef Cornea after Exposure to Mustard Vapor for 15 Minutes 
Estimated uptake 0.6 micrograms mustard per cm’ per minute. 

Amount of pyruvate used for injection: 1 mg. 

Corneas per sample: 2. 

Incubation Temperature: 28°C. 

Controls injected with pyruvate and incubated but not exposed to mustard. 


INCUBATION TIME 
BETWEEN EXPOSURE 
TO MUSTARD AND 
INJECTION 07 
PYRUVATE 

INCUBATION TIME 
AFTER INJECTION 
OP PYRUVATE 

MICROGRAUS OP PYRUVATE RECOVERED PER CORNEA 

- 

None 

Control 

540 

560 


4 hours 

5 hours 

Control 

100 

90 




Treated 

97 

95 


12 hours 

5 hours 

Control 

60 

60 




Treated 

80 

90 


5 hours 

5 hours 

Control 

170 

130 

130 



Treated 

170 

160 

145 

8 hours 

2 hours 

Control 


370 

350 



Treated 

■■ 

360 

310 


(Table V) . The rate of reaction as measured by the lactate production 
was also uninfluenced by anaerobiosis (Table II) or by exposure to 
mustard; 
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TABLE IV 


Effect oj Metabolic Inhibitors on Pyruvate Utilisation 
Incubation time; 4 hours. 



PYRUVATE CONTENT IN HICIOCIAICS 

PEE COENEA 

Before incubation 

1330 

1330 

Controls 

630 

500 

Sodium arsenite, 0.01 M 


610 

0.02 M 

790 

900 

lodoacetate, 0.01 M 

650 

680 

Before incubation 

610 

620 

Controls 

240 

250 

Fluoride, 0.02 M 

240 

180 

Malonate, 0.025 M 

240 

180 


TABLE V 

Pyruvate Disappearance and Lactate Production 


Amount of pyruvate used for injection: 2 mg. per cornea. 
Incubation temperature; 29°C. 



PYEUVATE 

UXCEOCSAUS 

FEECOENEA 

LACTATE 
, laCEOCEAMS 

1 PEE COENEA 

1 

1 

ESTHCATEO 

PYEUVATE 

CON5UUEU 

laCBOOH. 

PEE 

COENEA 

ESTOCATCD 

LACTATE 

PIODUCEU 

non 

PYEUVATE 

mCEOCV. 

FEE 

COENEA 

Immediately after 

No substrate 


315, 290, 350 



injection 

added 


250, 285 




Pyruvate in- 

1240, 1330 

265, 275, 270 




jected 

1 

275, 285 



Incubation time 






2 hours 

No substrate 


345, 320 




added 






Pyruvate in- 

850, 1020 

405, 425 

350 

117 


jected 





4 hours 

No substrate 


195, 220, 200 




added 


200, 190 




Pyruvate in- 

560, 530 

505,600,440 

750 

300 


jected 


430, 425 




It must be remembered that our experiments were performed on 
whole corneas with their reserves of endogenous substrates mtac . 
Under these circumstances the endogenous substrates compe e or 
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oxidation available to them through the hydrogen transport system. 
This hydrogen transport system appears to be operating at almost its 
maximum capacity in relation to the endogenous substrates, and 
not to be available for the very large amount of pyruvate which we 
supplied. Consequently, our finding that under the conditions of our 
experiment pyruvate disappears by dismutation, rather than by oxida- 
tion, does not imply that pyruvate is consurried in this tissue only 
by dismutative processes. On the contrary, the fact that the total 
O2 uptake under normal circumstances closely matches the total 
carbohydrate consumption strongly suggests that pyruvate oxidation 
occurs in this tissue. In some preliminary experiments in which we 
have used comeal epithelium instead of whole corneas, an increase in 
O2 uptake was found in the presence of pymvate. It may well be 
that the partial inhibition after exposure to mustard, which we found 
in the consumption by the epithelium of its endogenous lactate (as 
distinguished from its consumption of stroma lactate), may be the 
result of an inhibition of pyruvate oxidase by mustard similar to 
that noted by Peters and Wakelin ( 6 ) in other tissues. 

3 ) CO2 Prodticlion. CO2 was measured manometrically both 
aerobically and anaerobically. In each case the difference between 
the gas produced in the presence of pyruvate and in its absence 
amounted to about one mole CO2 produced for each 4 moles pyruvate 
consumed. The general reaction can, therefore, be expressed ap- 
proximately in the following equation; 

4 Pyruvate = 2 Lactate -f CO2 + X 

The aerobic experiment is shown in Table VI. Corneas were placed 
in bicarbonate buffer with air in the gas phase. In the absence of 
pyruvate the gas phase contracts on incubation (O2 consumption 
minus CO2 production). At the end of the incubation period HCl 
solution in the side arm is tipped into the main chamber liberating 
all the bicarbonate as CO2. The difference in the total change in 
volume to the end of the experiment after addition of HCl, between 
controls and pymvate containing vessels, is taken as the measure of 
the CO2 produced from pyruvate. It is interesting that precisely the 
same difference in volinne change is noted at the end of the incubation 
period, and that the same amount of CO2 is liberated from the bicar- 
bonate solution on addition of HCl in all samples. This can only 
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. V . t-52 


2.72 
2.40 
■ 2.59 
’ 2.62 
. 2.55 




Acetic acid . . . . . 

■■'■■ 





Average 


0 . 25 , 0.34 

0 . 41 , 0-38 
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1.43 
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This figure approaches our experimental data for the maximum pyru- 
vate uthization (1000-1200 microgm. per cornea) and would indicate 
that acetoin disappears from the cornea almost as fast as pyruvate. 
Therefore, at the present time, acetoin formation cannot be excluded 
with certainty as a pathway of pyruvate utilization in the cornea, 
although no data are available as yet to provide positive evidence for 
this possibility. 

TABLE Vin 
Uiilizaiion of Acetoin 


Incubation time: 4 hours. 
Temperature: 29°C. 


AMOUNT OT ACETOIN 
INJECTED MICRO- 
GRAMS FES CORNEA 

AMOUNTS OF ACETOIN RECOVERED IN MICROGM. FER CORNEA 

Before 

incubation 

1 After incubation 

1 

Controls j 

1 

Exposed for 15 min. to mustard 
vapor 

recovered 

utilized 

recovered 

utilized 

2000 

1250 

900 

350 

750 

500 


1200 

900 

300 

700 

500 


1350 

850 

500 

750 

600 


1400 

1050 

350 

850 

550 



950 

450 

800 

600 


1400 

1000 

400 

900 

500 


1300 

1050 

250 

1050 

250 



1050 

250 



1000 

800 

600 

200 

450 

350 


900 

650 

250 

550 

350 

Average 



330 


477 


It was noted above that the disappearance of pyruvate is not in- 
hibited by exposure to mustard. It was of interest, therefore, to 
determine whether the utilization of acetoin would prove equally 
insensitive to the application of mustard. The eyes were exposed to 
mustard vapor and then kept three and one half hours at room tem- 
perature in order to provide sufficient time for the reaction of mustard 
with the cell constituents. After this preliminary period the acetoin 
was injected and the corneas excised and incubated for 4 hours at 29° C. 

















284 


HEINZ HERRMANN AND EAY H. HICKMAN 


From the results in Table VIII it can be seen that exposure to mustard 
does not inhibit the disappearance of acetoin. On the contrary, 
a slightly accelerated disappearance is indicated in the • exposed 
corneas. . . 

7) Butyrate. The tests on the utilization of butyric acid were 
carried out in order to obtain some information about the rate of 

TABLE IX 
Utilization of Butyrate 


Butyrate used for injection: 500 micrograms per cornea. 
Incubation temperature: 29°C. 


INCUBATION TIME 

RECOVEHY OP BUTYMC ACm IN MICHOGM. PER COHNEA 

Before iacubation 

Incubated controls 


10 hours 

510 

230 



440 

430 



520 

280 




340 


20 hours 

580 

40 



330 

10 











430 

180 

240 


290 

50 

210 


300 


300 


360 

1 

240 


500 

190 

290 ' ' 


480 

250 

260 


400 

20 

200 


390 

50 

80' -"’' ■ 


390 

100 

200 

. n ■ 

290 

170 

; ■•iV *• ■ 

'Average 

400 

100 

220 ^ 

, Utilized , 


300 

1.80 


Utilization of fatty acids in the cornea and to examine, if possible,, 
the- effect of exposure to mustard on the metabolism of a fatty acid; 
the' determination of which is technically less disagreeable than. t e 
determination of acetic acid. The metabolism of butyrate is of ac- 
tional interest since it is the metabolic precursor of the ke o 
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(acetoacetic acid, hydroxybutyric acid) which are metabolically 
very reactive substances. A possible connection with the prebeding 
experiments arises out of the fact that acetoacetic acid is the product 
of one of the condensation reactions of pyruvate. 

For the determination of butyric acid we used the procedure de- 
scribed above. The utilization of butyrate amounts to about 400 
micrograms per cornea in 20 hours. This metabolic process is slow 
compared with pyruvate or acetoin utilization and about equal to the 
rate of consumption of lactate. Exposure to mustard has a marked 
inhibitory effect on the utilization of butyrate (Table IX). The 
question as to whether the utilization of butyrate is limited to the 
comeal epithelium as in the case of lactic acid has not been tested. 

SUMMARY 

The denuded comeal stroma consumes pyruvate at a very low rate, 
but when the epithelium is present pyruvate injected into the stroma 
is consumed at an extremely rapid rate. The consumption of pym- 
vate, in experiments on whole cornea, is uninfluenced by anaerobiosis 
or by exposure to mustard, iodoacetate, fluoride, or arsenite. About 
half of the pyruvate lost can be recovered as lactate, indicating that the 
process is at least in part a dismutation. For each 4 moles of pyruvate 
lost approximately 1 mole of CO 2 is recovered. The remainder is as 
yet unaccounted for. It may be ketoglutarate. It is not acetate, 
or acetaldehyde, or reducing sugar, or glycogen. Acetom does not 
accumulate in the cornea during pymvate consmnption, but acetoin 
itself is consumed by the cornea at almost the same rate as pyruvate 
and its consumption is not inhibited by mustard. It cannot, there- 
fore, be excluded as a possible product of pyruvate consumption. 
The consumption of butyrate was tested for comparison and found to 
be slow relative to pyruvate. Its consumption is inhibited by exposure 
to mustard. 
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XIV. THE UTILIZATION OF RIBOSE AND OTHER 
PENTOSES BY THE CORNEA* 

HEINZ HERRMANN and FAY H. HICKMAN 


The occurrence of libose in nucleotides which act as the prosthetic 
group of enzymes, in coenzymes, and in nucleic acid, gives special im- 
portance to this substance, but information on the metabolic fate of 
ribose and other pentoses in animal tissues has advanced extremely 
slowly. The possibility of pentose formation from hexuronic acids, 
and of the condensation from triose and a C 2 precursor are discussed in 
recent reviews (1). The 'existence of a metabolic relation between 
uronic acids and pentoses is indicated by the finding that pentoses are 
excreted in the urine in higher concentrations in individuals producing 
excessive amounts of glucuronic acid, for instance, in the course of 
detoxification reactions (2). Lipmann (3) and Warburg (4) touched 
the problem of pentose metabolism in their investigations on the oxi- 
dation of phosphohexonic acid. The amount of oxygen consumed 
indicated that pentose was formed and that even 4 carbon and 3 carbon 
chains might appear as breakdown products. It should be recalled, 
however, that not ribose but arabinose is to be expected from the oxi- 
dation of the physiological hexoses. An inversion of one carbon atom 
in the hexose molecule would be required to yield ribose as an oxidation 
product. Dickens (5) studied the oxidation of pentose phosphates by 
Lebedew juice and also by animal tissues, and demonstrated the 
oxidation of ribose phosphate by red blood cells. Dische (6), who 
studied the metabolism of adenosine by laked red blood cells, obtained 
evidence suggesting the breakdown of the ribose part of the molecule 
into triosephosphate and a two carbon compound, possibly glycolal- 
dehyde. More recent publications deal with attempts at elucidating 
the mechanism by which ribose is utilized for the synthesis of nucleo- 
tides (7). In the present paper we studied the disappearance of the 
ribose from the excised surviving cornea and tested the effect of various 
metabohc inhibitors and of mustard on this process. 

* The work described in this paper was done in largest part under a contract 
recommended by the Committee on Medical Research between the Oflace of 
Scientific Research and Development and the Johns Hopkins University. 
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EXPERIMENTS 

1. Methods. The experiments were performed on beef corneas. 
The technique of maintenance of the corneas and of the injection of 
various substrates and inhibitors was the same as that described in 
previous papers. When ready for the chemical analysis, the tissue 
was ground in trichloracetic acid, centrifuged, and the supernatant fluid 
used for ribose determination. 

Mejbaum’s (8) modification of the Bial test was used to estimate 
pentose plus pentose nucleotide in the tissue extracts, the colorimetric 
reading being made with a Klett Summerson photoelectric colorim- 
eter used with a ^ 66 filter. Pentose standards containing 25 and 
50 micrograms of ribose were carried along with each set of experi- 
ments. Glucose, fructose, ascorbic acid, and glucosamine interfere to 
such a slight extent with this colorimetric test under the prescribed 
conditions that their influence on the reading could be neglected. 
Glucuronic acid, however, produces a color of almost the same intensity 
as that which is obtained with pentose, since imder the influence of 
hot, strong HCl as used in this test decarboxylation of glucuronic acid 
and formation of pentose may take place. 

Estimates of injected ribose were also made with the reduction 
method (9) previously used for glucose determination. Standards and 
blanks were run along in all determinations.^ 

2. Results. Some material is extractable from the cornea which 
gives a positive Bial test. The amount is equivalent to about 200 
micrograms ribose per cornea. One-third of this amount can be ac- 
counted for as adenosine triphosphate, and the rest is probably derived 
from other nucleotides.- The greater part of this material is found in 
the epithelium (Table I). Since the corneal mucoid is confined to the 
stroma, the small stroma fraction in the Bial titration indicates that 
the interference of glucuronic acid in the determination is at most very 
small. 

d-Ribose injected into the cornea disappears at an appreciable rate. 
In the experiments shown in Table II, 0.25 ml. containing 1 mg. d-ribose 

^ The pentoses used in this study were obtained from the following souras. 
d-Ribose, d-Xylose, and d-Lyxose were obtained from Pfanstiehl 
Waukegan, 111., and the d-Arabinose was obtained from Eastman Kodak 
pany, Chemical Division, Rochester, N. Y. 
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was injected into each beef cornea. About one-half of the injected 
fluid r uns out of the needle holes immediately after the injection. 
This immediate mechanical loss is unavoidable in our experiments but 
by careful control of the injection technique can be kept reasonably 
uniform. The metabolic experiment, therefore, begins with 600 — 700 
micrograms per cornea of which 200 is endogenous. After an incuba- 
tion period of 20 hours at 32°C, the injected material has almost com- 
pletely disappeared. The rate of disappearance of d-xylose and d- 

TABLE I t, 


Pentose (Bial Test) in Beef Cornea Calculated as Rihose 



UICSOGBAMS PER CORNEA 

Whole Cornea 

163, 156, 214, 207 

170, 176, 180, 174 

40, 23, 33, 44 

Epithelium 

Stroma 



TABLE II 

Utilization of Injected Pentose by Beef Cornea during Incubation for 20 Hours at 32°C. 
1 mg. injected. 


UICEOGiAMS PEE COBNEA 


d-Ribose 

d'Xylose 

d-Arabinose 

d-Lyiose 

Beiore | 

Alter 

Before | 

After 

Before | 

After 

Before 

After 

Incubation 

Incubation 

Incubation 

Incubation 


360 

651 

309 

660 

615 

705 

510 


222 


423 

654 

519 


495 

603 

300 


313 

564 

525 


556 

726 

320 


383 

630 



593 

673 

. 336 


296 

531 





ribose is much greater than that of d-lyxose and d-arabinose. This 
difference may be due either to a difference in the actual rate of meta- 
bolic breakdown or to a difference in the rates with which the various 
pentoses penetrate into the epithelimn. 

The corneas into which ribose has been injected preserve their stores 
of glycogen (Table III) in the same way as do corneas injected with 
glucose solution. There is also a marked inhibition of lactate disap- 
pearance (Table IV). 
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The rate of disappearance of ribose in the presence of various meta- 
bolic inhibitors was examined. lodoacetate exerts a marked inhibitory 
effect. The threshold for iodoacetate inhibition of glucose utilization 
is, however, still lower. Thus with 0.3 mg. of iodoacetate per cornea 

TABLE III 


Effect of Injection of Ribose and Glucose on the Glycogen Content of the Cornea after 
Incubation for 20 Hours at 32° C. 

1 mg. sugars injected. 


CONTaOL 

GLVCOGEM CONTENT IN MICB-OGaAMS FEB. COENEA 

Ribose 

Glucose 

600 

908 

933 

S7S 

7S6 

1075 


1002 



TABLE IV 

Effect of Injection of Ribose on the Lactic Acid Content of the Cornea after Incubation fo^ 

12 Hours at 32°C. 

1 mg. Ribose injected. 


lACriC ACED COKTEOT IK UICROGBAUS PE» COENEA 


Without Ribose 

With Ribose injected 

123 

273 

140 

296 

113 

273 

80 

250 

116 

280 

130 

213 

60 

160 

26 

236 

Average 99 

247 


(about 2 X 10“® M), glucose utilization is diminished by 70% but 

ribose utilization by only 30% (Table V). 

In table V experiments are listed in which ribose disappearance 
foUowed both by the Bial test and by ferricyanide reduction. The 
effect of iodoacetate in inhibiting the utilization of ribose is apparenuy 
stronger in respect to reducing power of the injected substrate than in 
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respect to the Bial test. Thus, by the application of iodoacetate, two 
steps in the metabolic breakdown of ribose become discernible. The 
first step results in the formation of a product which fails to give the 
Bial reaction but still has reducing capacity. In the second step re- 

TABLE V 


Comparison of the Effect of Iodoacetate on the Utilization of Ribose and Glucose 



mCSOCSAUS Ot SDGAS EEK CORNEA 

Before 

Incubation 

After Incubation 20 Hours at 32C' 

IODOACETATE INJECTED 

0 

0 

0.3 mg. 

0.5 mg. 

Img. 

Ribose Bial Test 

700 

294 276 

396 


438 




350 

386 566 

523 


783 

353 282 

248 

366 565 

570 


736 


403 


456 


889 

290 260 

423 

626 

566 


696 

316 313 


366 




320 




Average 

751 

304 

364 

480 

511 

Ribose Ferricyanide Test 

823 


386 


666 


873 

326 262 

466 

546 611 

716 


733 


473 

513 654 

713 


693 


466 

693 726 


Average 

781 

297 

448 

618 

698 

Glucose Ferricyanide Test 

853 

285 

678 




800 

280 

613 




826 

262 

604 




853 

205 

706 





306 






326 


■ 


Average 

833 

277 

650 

743 



ducing capacity is lost. Iodoacetate apparently inhibits the second 
step more strongly than the first. Since even the disappearance of 
redudng capacity is less sensitive to iodoacetate inhibition in the case 
of ribose than in the case of glucose, it would seem improbable that the 
reducing substance derived from ribose is triosephosphate. Dische 
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(6) has described a breakdown product of ribose which has reducing 
power, and it may be that this is the intermediate which is formed in the 

TABLE VI 


Effect of Various Metabolic Inhibitors on the Utilization of Ribose 
1 mg. Ribose injected. 


AUOOTnr iNHiBrroR injected 

PER CORNEA 

mCBOGKAMS OF EIBOSE PEE COHNEA DETEEIONED AFTEE IKCDBATIOS 
FOE 20 HOOES AT 32°C. 

Inhibitor Added 

Control 

Fluoride 1.0 mg. 

633 573 603 

290 333 

0.3 mg. 

383 303 336 

326 

0.1 mg. 

300 350 193 

233 

Arsenite 1.0 mg. 

360 350 373 

193 270 193 

0.5 mg. 

273 285 , 

276 210 

Malonate 1.0 mg. 

290 243 320 

293 250 276 


TABLE Vn 

Effect of Treatment with M ustard on the Utilization of Ribose by the Cornea during Incubatm 

for 20 Hours at 32°C. 


1 mg. Ribose injected. 


EXPOSnSE TIME IN MINUTES 

inCEOGSAMS BIEOSE PEE COBNEA 

Control 

Treated 

10 

249 

261 


203 

243 


210 

282 


240 

276 

20 

207 

369 


213 

295 


240 

345 

30 

390 

483 


346 

490 


270 

343 

i 

286 

1 

362 


cornea Of the other metabolic inhibitors, tested fluonde gives a 
marked inhibition of ribose utilization, arsenite has a relatively smau 
effect, and malonate is without influence (Table VI). 
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The effect of exposure of the cornea to mustard on the subsequent 
utilization of ribose is very small (Table VII). Corneas which had 
been exposed to mustard vapor at room temperature for 10 minutes^ 
showed a normal rate of disappearance of ribose. Exposure for 
20 — ^30 minutes resulted in a slight decrease in the rate of disappearance 
of ribose. 

In the small inhibition of ribose utilization which was observed after 
prolonged exposure to mustard vapor, no discrepancy was found be- 
tween the results of the Bial test and of ferricyanide reduction, indi- 
cating that mustard does not preferentially inhibit the second step in 
the breakdown as does iodoacetate. 

DISCUSSION AND SUMMARY 

Our experiments show a slow but steady utilization of d-ribose and 
d-xylose by corneal tissue. The rate of disappearance is about 10 — 12 
micrograms per hour per cornea, which is about one-tenth that of the 
rate of utilization of glucose and one-half that of lactate and glycogen. 

d-Lyxose is utilized only at half the rate of d-ribose, and with d- 
arabinose no disappearance could be measured with certainty. High 
selectivity of cells in respect to utilization of pentoses has become 
known in case of the absorption of pentoses from intestine (10) and the 
metabolic utilization by various bacteria (11). In our case it remains 
undecided as to whether the observed difference in the utilization of 
pentoses by the cornea rests in the specificity of the permeability or in 
the specificity of the effective enzymes. 

In the pathway of ribose utilization two steps became discernible by 
the use of iodoacetate. As pointed out above, at a proper concentration 
of this metabolic inhibitor, the first step in the ribose breakdown takes 
place at a slightly diminished rate only, while a subsequent reaction is 
greatly inhibited, leading to an accumulation of a breakdown product 
with reducing properties. During an incubation for 20 hours, an 
amount of this intermediary accumulated which corresponds to 150 
micrograms of ribose per cornea. With experiments on a larger scale 
it should be possible to obtain sufficient material to identify this inter- 
mediary. 

- Under the conditions of these experiments the estimated uptake of mustard 
was 0.6 micrograms per cm* per minute. 
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We have no indication as yet as to whether the breakdown of ribose 
in the cornea involves phosphorylation. The fact that the utilization 
of ribose has been observed with highly viable and intact cells, and yet 
under conditions which allow complete analysis, gives some promise 
that syntheses with ribose, e.g. nucleotide formation, could be observed 
with this tissue. 

The utilization of ribose is markedly inhibited by iodoacetate and 
fluoride, but is only shghtly inhibited by mustard. In the presence of 
ribose the utilization of glycogen and of the lactate depot in the cornea 
is suppressed. 
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XV. STUDIES ON NON-PROTEIN NITROGEN 
IN THE CORNEA* 

HEINZ HERRMANN and SYLVIA G. MOSES 

The present studies were undertaken in preparation for the more 
ambitious project of investigating the nitrogen metabolism of the cornea 
with the aid of isotopically labelled compounds. "iVhen the work had 
to be abandoned on account of technical difficulties, it was still foimd 
possible to study the production and utilization of some nitrogenous 
substances in the cornea for which suitable microanalytic methods 
were available. 


TECHNIQUE 

The experiments were performed on beef corneas. The preparation? 
exposure to mustard,^ and incubation of corneas have been described 
in previous papers. Only uninjured and perfectly clear corneas were 
used in these experiments. Corneas were selected carefully with regard 
to uniformity of size in each experiment. After incubation the corneas 
were vigorously ground for 10 minutes, with addition of sand, in 5% 
trichloracetic acid, two corneas being used for each sample. The 
extract was poured into a filter and the extraction repeated twice with 
3 ml. and 2 ml. of trichloracetic acid solution, grinding the tissue each 
time for two minutes. The combined filtered extracts were made up to 
10 ml., one half of which was used for ammonia determination, the 
other half for NPN determination. The portions used for ammonia 
determination were alkalinized with one drop of 40% NaOH and 2.5 
ml. of a saturated solution of potassimn carbonate. A gentle stream 
of air carried the ammonia into a receiver containing 5 ml. of half 
saturated boric acid to which brom-cresyl-green was added as indicator. 
The ammonia was then titrated with N/lOO HjSO^. The results are 
tabulated below as ammonia,’ but in work with tissues it should be 

* The work described in this paper was done in part under a contract recom- 
mended by the Committee on Medical Research between the Office of Scientific 
Research and Development and the Johns Hopkins University. 

^ Under the conditions of e.vposure used in these experiments it was estimated 
that 0.6 micrograms of mustard were taken up per cm” per cornea per minute. 
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kept in mind that by this method volatile amines are determined as 
well. 

Determinations of amino nitrogen were carried out according to the 
method of Peters and van Slyke (1). In preparing the extracts in this 
series of determinations we avoided the tedious manual grinding of the 
tough corneal tissue by using the mechanical extractor which has been 
described elsewhere (2) . The trichloracetic acid extracts of the corneas 
obtained with this instrument were filtered and evaporated to dryness 
in order to remove the trichloracetic acid. The residue was dissolved 
in 10 ml. of distilled water and a 5 ml. portion was used for amino 
nitrogen determinations. The second portion was used for determin- 
ation of total NPN by microkjeldahl. 

For the determination of serine, three corneas were pooled for each 
sample when whole corneas were examined, and 6 to 9 corneas for the 
determinations on separated epithelium or stroma. Those corneas 
injected with dl serine received 2.0 mg. in 0.25 ml. of 0.3% saline. 
Unless otherwise indicated, the corneas were incubated at 38°C for 
approximately 10 hours. The tissues were extracted in 5% trichlor- 
acetic acid, the extracts were neutralized, and serine determinations 
performed on the whole extract according to the procedure of Boyd and 
Logan (3) as follows: The samples of approximately 15 ml. were trans- 
ferred to a 300 ml. Kjeldahl flask and 3 drops of methyl red and 4 ml. 
of 25% potassium arsenite added. Approximately 3.0 ml. of 0.5 M 
periodic acid was required to adjust the reaction mixture to the proper 
pH. The formaldehyde was distilled off and determined colorimetri- 
cally. For the analysis of samples containing less than 1.0 mg. serine, 
2.5 ml. aliquots of the distillate were put into test tubes calibrated at 
25 ml., 0.25 ml. of the purified chromotropic acid reagent were added, 
and the volume made up to 8.5 ml. with distilled water. The tubes 
were cooled in an ice bath and 5.0 ml. of concentrated sulfuric acid 
added slowly with constant shaking. The mixtures were allowed to 
cool to the temperature of the ice bath and then made up to 25 ml. 
with concentrated sulfuric acid. They were placed in a boiling water 
bath for ten minutes, cooled and read with a ^ 56 filter in a Klett Sum- 

merson photoelectric colorimeter. 

The specificity of the test is not absolute. It rests upon the oxida- 
tion of serine to formaldehyde by periodic acid and the subsequen 
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colorimetric determination of the formaldehyde. The reaction for 
formaldehyde is quite specific, but there are potentially in the tissue 
some substances, other than serine, which will yield formaldehyde on 
oxidation with periodic acid, and hence will be titrated as serine. 
Determinations of endogenous serine by this method are, therefore, 
somewhat equivocal. We undertook measurements on the endogenous 
serine, or more properly the endogenous formaldehyde producing sub- 
stances, essentially as controls for subsequent experiments in which 
much larger amounts of serine were injected into the tissue. In these 
experiments the small fraction of endogenous formaldehyde producing 
substances was negligible. 

(1) Noji-Protein Nitrogen. The determination of the non-protein 
nitrogen (NPNj level in the excised cornea was carried out for several 
reasons. The data were needed as a basis of experiments on utilization 
of externally supplied nitrogen, which made it necessary to find out 
whether during incubation the level in the whole cornea and in the 
stroma would remain constant or would show a definite change. 
Possible small changes in the NPN level seemed of interest also in con- 
nection with the mechanism of the loss of adhesion of the epithelium. 
We observed that among the enzymes tested only trypsin and chymo- 
trypsin caused a loosening of the corneal epithelium and a similar 
observation was made by Medawar (4) on skin. Therefore, it seemed 
possible that proteolytic processes, detectable by changes of the NPN 
level, might play a role in the loosening. In the case of vesication 
caused by thermal burns (5) and by mustard (6), some connection with 
proteolytic processes has been suggested by Peters and his coworkers. 

Results. The normal beef cornea contains about 250 micrograms of 
extractable non-protein nitrogen, of which slightly less than 10% is 
recovered as ammonia. About half of the total nitrogen and about 
80% of the ammonia is in the stroma. Since the wet weight of the 
epithelium is about one tenth that of the stroma, the concentration of 
NPN in the epithelimn is about 5 times that in the stroma, while the 
concentration of ammonia in the two tissues is more nearly equal. 

On incubation eitlier of the whole cornea or of the isolated stroma, 
the ammonia content remains fairly constant. This is true both for 
controls and for tissues previously exposed to mustard. 

On incubation either of the whole cornea or of the isolated stroma. 
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only very small changes were observed in the NPN content in normal 
controls, and the direction of the change was inconsistent. If, how- 
ever, the whole cornea was incubated for 3 hours or more after exposure 

TABLE I 

Ammonia and Total Non-Protein-Nitrogen Content of the Whole Cornea and of the Isolated 

Stroma after Exposure to Mustard 
Exposure time to Mustard: 15 minutes. 

Incubation: 9J-10 hours at 28-32°C. 


inCSOGKAUS NITSOGEK FES COSNEA 


Ammonia Nitrogen 

Total Extractable Non-Protein-Nitrogen 

Before Incubation 

After Incubation 

Before 

Incubation 

After Incubation 

Control 

Control 

Exposed to 
Mustard 

Control 



Whole Cornea 






20.8 

21.5 

20.5 

249.5 

235.5 

323.0 

15.8 

14.3 

13.6 

229.7 

248.5 

274.2 

13.6 

12.9 

15.8 

240.0 

228.0 

304.0 

15.2 

20.0 

21.5 

196.3 

223.9 

277.0 

18.4 

21.5 

17.9 

264.8 

231.8 

290.3 




270.0 

226.3 

254.5 




272.3 

284.7 

337.8 




255.0 

259.3 

303.0 




229.9 

251.0 

289.8 




183.0 

203.0 

272.8 



i 

272.0 

257.0 

301.0 

Av 16.7 

18.0 

17.8 

242.1 

240.8 

292.5 

Isolated Stroma 






18.0 

14.3 

15.1 

132.8 

130.4 

138.0 

12.0 

11.6 

11.6 

128.0 

135.0 

125.0 

14.1 

12.9 

19.3 

134.2 

123.8 

136.4 

14.4 

12.9 

14.4 

123.6 

107.5 

106.0 

Av 14.6 

12.9 

15.1 

129.7 

1 125.1 

126.4 


to mustard there was a regular increase in NPN of 10—20%. TWs 
increase after exposure to mustard was not observed if only the isolate 

stroma was incubated (Table I). 

After exposure to mustard and incubation of whole corneas fo 
hours no increased NPN was observed, but after three hours of i 
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bation the greater part of the excess NPN was already present. 
Some additional increase was found on incubation up to 10 hours, 

TABLE n 

ToUil Non-Protein-Nilrogen after Varying Lengths of Incubation 
Exposure time to Mustard; 15 minutes. 

Incubation temperature: 28°C. 


UICROOEAltS NTTBOGEU PEE CORNEA 


Incubation Time 

Before Incubation | 

After Incubation 

Control j 

A 

Control 

B 

Exposed to Mustard ! 

Difference 

B-A 

2 hrs. 


262.0 

261.0 

-1 

1 


257.5 

261.1 

+3.5 

3 hrs. 


249.5 

282.0 

32.5 



246.5 

281.5 

25.0 

4 hrs. 


254.5 

264.5 

10.0 


250.0 

268.0 

279.0 

11.0 



255.0 

299.0 

44.0 

i 


261.0 

287.0 

26.0 

5 hrs. 


251.0 

283.0 

32.0 



264.5 

284.0 

19.5 

6 hrs. 

265.3 

272.5 

314.7 

42.2 


250.0 

258.0 

301.5 

43.5 



262.0 

292.8 

30.8 

10 hrs. 


259.3 

303.0 

43.7 



245.5 

313.0 

67.5 



260.5 

318.0 

57.5 



236.3 

290.5 

54.2 



263.0 

307.0 

44.0 



284.7 

337.8 

53.1 

20 hrs. 

224.0 

217.0 

276.0 

59.0 



247.0 

304.0 

57.0 



256.0 

324.0 

68.0 


243.0 

235.5 

323.0 

87.5 

1 


but prolonged incubation up to 20 hours yielded but a very slight 
increase in NPN (Table II). 

The full effect in respect to NPN increase is produced by 15 minutes 
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total NPN also increases after exposure to mustard. The increase is 
small but statistically significant. The increase of the amino N 
amounts to one half to two thirds of the corresponding figures for the 
total NPN. Since 30% of the amino acids which constitute the cell 

TABLE rv 

Total Non-Protdn-NUrogcn after Varying Incubation Temperature 
Exposure time to Mustard: IS minutes. 

Incubation time; 9 to 10 hours. 


UICSOGEAUS NITSOCEN PES CO^^•EA 


locobatlon 

Temperature 

Before 

Incubation 

Control 

After Incubation 

A 

Control 

B 

Enjosed to 
Muatard 

Difference 

B-A 

Average 

Difference 

15-18'C. 

mSM 

234.0 

253.0 

19.0 



mSm 

238.6 

267.4 

28.8 




230.7 

248.7 

18.0 




259.3 

280.8 

21.5 



275.0 

262.0 

280.6 

18.6 

21.2 

23®C. 

271.0 

251.0 

280.5 

28.5 

28.5 

28'C. 

229.0 

251.0 

289.8 

38.8 



183.0 

203.0 

272.8 

69.8 



272.0 

257.0 

301.0 

44.0 




245.5 

313.0 

67.5 




260.5 

318.0 

57.5 




236.3 

290.5 

54.2 




263.0 

317.0 

44.0 

53.7 

33-35'C. 

243.1 

244.9 

291.0 

46.1 



256.0 

269.0 

299.8 

30.8 



281.0 

244.0 

305.4 

61.4 



191.0 

202.0 

250.6 

48.6 

46.7 


proteins contain nitrogen in a form which is not determined by the van 
Slyke manometric method, and since the proteolysis does notnecessarily 
proceed to completion, these figures would seem to indicate that the 
entire increase in NPN is due to proteolysis (Table V). 

(2) Fraciiomiton of Epiihclial Proteins. In an attempt to find a 
due for an e.xplanation of this limited increase in the NPN level, it 
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seemed of interest to examine the corneal epithelium for changes in the 
state of the proteins. We measured the amount of protein extractable 
from noimal and mustard treated corneas in various electrolyte solu- 
tions: 22% Na 2 S 04 , 10% NaCl, and 10% NaCl followed by N/1 

TABLE V 

Effect of Mustard on Total Non-Protein-Nitrogen and Amino-Nitrogen Content of Beef 

Corneas 

Exposure to Mustard: 15 minutes. 

Incubation: 10 hours at 28°C. 


sncEOGEAMS PEE COENEA 


Total NPN 

Aminn-K • 

Controls 

Exposed 

Controls 

Exposed 

303 

393 

105 

■■ 

305 

355 

85 


298 

337 

102 

104 

311 

310 

115 


330 

311 

114 


310 

324 

100 


294 

343 

105 


288 

359 

109 


333 

339 

84 


300 

334 

98 


231 

333 

99 


294 

369 

81 


291 

313 

95 


309 

351 

98 

114 

315 

332 

99 


297 

285 

103 


271 

312 

93 



307 

81 




109 

■■ 

Av 299 

334 

99 

121 

Excess NPN 

35 

Excess Amino-N 

22 


NaHCOs. The time of exposure to mustard was 15 minutes followed 
by incubation at 29°C for 5-7 hours. During the extractions all ma- 
terials were kept in the refrigerator at 5°C. 

For the extraction with 22% solution of Na^SO* six corneas were 
pooled in each sample and the extraction was extended over aperio 
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48 hours, replacing the first 50 ml. portion of the extraction fluid after 
24 hours. To the collected extract (total 100 ml.) we added 20 ml. of 
50% trichloracetic acid and allowed it to stand for 12 hours. The 
precipitate was collected by centrifugation, the supernatant was dis- 
carded and the precipitate dissolved in concentrated H 2 SO 4 . An 
aliquot was used for determination of nitrogen. 

In several e.xperiments samples containing three corneas were 
first extracted with 10% NaCl solution for two 24 hour periods using 
10 ml. and 5 ml. portions whicli were collected by decantation. At 
the end of the second day the epithelium became so loose that it could 
easily be removed in sheets with a forceps. The separated epithelium 
was transferred to 12 ml. centrifuge tubes and the extraction of the 
separated epithelium was continued, daily adding a fresh 2 ml. portion 
of the 10% NaCl solution for five more times, and separating the ex- 
tracts by centrifugation. The collected extracts were precipitated 
with 20% trichloracetic acid. In one series the extracts were saturated 
with MgSO^. After 12 hours a small precipitate developed which was 
filtered off. The collcdted precipitate was dissolved by washing the 
filter with several portions of physiological saline until no further 
protein came into solution. Aliquots of the pooled washings were used 
for nitrogen determinations. In another series in which the corneas 
had been extracted with 10% NaCl we continued the extraction of the 
residues for tliree da 3 -s with 2 ml. portions of a N/1 solution of 
NaHCOj. These extracts were also precipitated with trichloracetic 
acid and the precipitate dissolved in concentrated H 2 S 04 for N deter- 
mination. 

Results. The extraction wnth Na 2 S 04 and with NaHCOs yielded 
very’ small amounts of protein; A considerable yield was obtained on 
extraction with 10% NaCl solution. We noticed, however, that the 
yield of proteins obtained in the first two days of the extraction of the 
whole intact cornea was very small. The bulk of tlie precipitable 
material was extracted from the isolated epithelium in the first two 
days follomng the separation. The assumption that most of the pro- 
tein in our extracts is derived from epithelial cells is corroborated by^ 
the fact tliat tlie sum of the proteins in the extracts plus the protein 
in the extracted epithelial residue agrees closely with the amount of 
total protein calculated from the average freshweight of the epithelium 
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(about 12 mg. protein per cornea). Comparing the figures for the 
amount of protein extracted with 10% NaCl, and for the protein in the 
epithelial residue, we find that more than half of the proteins of the 
epithelial cells are extracted. 

No significant differences could be observed between the fractions 
which were obtained from normal corneas and from corneas after ex- 
posure to mustard (Table VI) . However, it should be pointed out that 

TABLE VI 

Protein Content of Extracts of Normal Corneas and of Corneas after Exposure to Mustard 
Exposure to Mustard; IS minutes. 

Incubation: 5-7 hours at 29°C. 

The figures give mg. protein (mg. nitrogen X 6.25) extracted per cornea. 


ErrEAcrioH wits 22% NaiSOj PEECiPrrATioN with tbichlobacetic acid 

AVERAGES 

Controls 2.0 2.1 

2.0S 

Exposed 1.9 2.1 

2.0 

EXTBACIION WITH 10% NaCl, PBECIPITATION WITH TBICHLOBACETIC ACID 


Controls 8.0 7.8 8.0 7.2 9.5 8.6 8.8 7.1 7.8 

8.1 

Exposed 8.0 8.0 7.1 8.0 8.3 9.6 8.0 7.7 7.4 

8.0 

EXTBACIION WITH 10% NaCl, PBECIPITATION BY SATUBATION WITH MgSOl 


Controls 0.8 0.8 

0.8 

Exposed 0.7 0.8 

0.85 

EXTHACTION WITH NaHCOi ATTER PRELnONARY EXTRACTION WITH 10% NaCl 
PRECIPITATION WITH TRICHLORACETIC ACID 


Controls 0.8 0.6 

0.7 

Exposed 0.7 0.7 

0.7 

Residue after extraction with 10% NaCl 

6.0 


previous calculations indicated that the observed increase in non- 
protein nitrogen would correspond to the proteolysis of not more than 
1% of the total protein in the epithelium. It would be necessary to 
devise finer methods of fractionation or to carry out larger series of 
experiments to detect differences of this order of magnitude. ^ 
experiment in which we attempted to measure the adsorption of trypsin 
on the surface of corneas likewise failed to show any difference between 
mustard exposed tissues and controls, perhaps also because of inade- 
quate sensitivity of the method. 
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(3) Ulilizafiou of Ammonia. Injected ammonia (supplied as am- 
monium succinate) is utilized at a rate of about 5 micrograms per hour 
per cornea (Table \n[l). Simultaneous determinations of the total 
non-protein nitrogen (NPN) revealed a loss equivalent to the disap- 
pearance of the ammonia, indicating that ammonia or an equivalent 
amount of some other NPN factor is synthesized into a non-extractable 
constituent of the cornea. This observ^ation gives increased signifi- 
cance to the results which we obtained on examination of the effect of 

TABLE VII 

Utilization of Ammonia Nitrogen in Beef Corneas on Incubation 
Incubation: 10 hours at 2S°C. 

.■\mmonium succinate injected: about 200 micrograms N per cornea. 


UICEOGRAMS TOE COEKEA 


Ammonia Nitrogen 

Total NPN 

Control j 

Ammonium succinate , 
injected 

Control 

Ammonium succinate 
injected 

Belore 

After 

Before 

After 

Before 

After 

Before 

After 

Ineubntion 

Incubation 

Incubation 

Incubation 

20. S 

24.5 


100.8 

277.5 

258 

418 

315 

21.5 

27.3 

ISB 

86 

287.5 

231.5 

405.5 

296 

28 

35.8 

145.5 

83.1 

252 

232.3 

384.8 

266.3 

33 

33.7 

158.6 

105.4 

301.6 

272 

486 

401 

19.8 

20.8 



303.6 

222.6 







270 

226.3 







264.8 

261.8 



Av.. ,24.6 

2S.4 

147.3 

93.8 

279.6 

243.5 

423.6 

319.6 

Change -f3.8 

-53.5 

-36.1 

- 

104 


nustard on the ammonia utilization. In these e.xperiments we found 
r.o inhibition of the disappearance of ammonia after an exposure of 
tlic corneas for 15 minutes to mustard vapor (Table \TII). These 
legative results demonstrate that some synthetic processes in the 
tissue arc not interfered with by a dose of mustard which causes severe 
dinical sjTnptoms in tlie cornea in \'ivo, and is accompanied by a defi- 
rite damage to tlie epithelial cells in the excised tissue and inhibits 
ertain metabolic reactions such as lactate disappearance. 

Comparing the averaged figures given here with those in Table I 
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Results. Preliminary tests on trichloracetic acid extracts of corneas 
showed that a substance is present in the cornea which gives the Boyd 
Logan color reaction and which if calculated as serine amounted to 90 
micrograms per cornea. The nature of the substance was not in- 
vestigated more closely and for convenience it will be designated as 
F.P. (formaldehyde producing). Determinations in extracts from 
separated epithelium and stroma demonstrated that the epithelium 
contains twice as much of this material as does the stroma. The wet 
weight of the epithelium is not more than 15-20% of that of the whole 

TABLE IX 

Deierminalian of Endogenous “Serin^’ (FJ*.) in Be^ Corneas 
Incubated 10 hours at 37°C. 

Exposed to Mustard vapor for 15 minutes. 

Calculated as Serine in micrograms per cornea. 


CONTROLS 

EXPOSED TO MUSTARD 

Stioma 

Epithelium 

Stioma 

Epithelium 

35.1 

69.1 

74.6 

48.5 

23.2 

51.9 

42.6 

32.5 

26.2 

44.0 

44.0 

30.3 

29.3 

64.7 

64.0 

50.0 

33.2 

71.7 

47.2 

’ 47.2 

Av 29.6 

60.3 

56.5 

41.7 

Whole cornea . . . .89.9 

1 

98.2 


cornea. The concentration of F.P. is, therefore, about 10 times higher 
in the epithelium than in the stroma. 

On incubation of the corneas the total amount of F.P. remains 
practically rmaltered both in normal samples, and after exposure to 
mustard. In the exposed samples, however, a marked change can be 
observed in the distribution of F.P. between the tissue components. 
In the period of incubation which we used, the ratio of concentration of 
F.P. in epithelium to that in stroma dropped from the normal level of 
10:1 to less than 4:1 in corneas which had been exposed to mustard 
But remained unchanged in incubated control samples (Table IX). 

Since the concentration of F.P. in the cornea is relatively low and 
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remains constant during incubation we concluded that the utilization 
of serine might be investigated if a relatively large amount of this sub- 
stance was injected into the tissue. The amount of injected serine 
used in the following experiments was 10-20 times the amount of 
endogenous F.P. On incubation of such injected tissues at 37°C. 
serine was found to disappear in normal corneas at a rate of about 25 
micrograms per cornea per hour. After exposure to mustard this rate 
drops to 7 micrograms per cornea per hour (Table X). 

TABLE X 

Effect of Mustard upon the Utilization of Serine by Beef Corneas 
Amount injected: 2 mg. serine per cornea. 

Determinations made on pooled samples of 3 corneas each. 

Results in micrograms per cornea. 


beiom: incobation 

DJCDBATED TOE 10 HIS. AT 37°C. 

Controls 

Injected 

Uneiposed 

Controls Injected 

Exposed to Mustard 
Controls Injected 

88 

897 

79 

673 

93 

857 

93 

895 

78 

690 

91 

833 



77 

957 

120 

1100 



92 

880 

93 

1107 



84 

793 


957 


1119 


800 


980 

Av. per Cornea 91 

1041 

82 

799 

99 

972 

Serine Utilized 


242 


69 


The rate of disappearance of serine was also followed by mano- 
metric measurements of amino nitrogen in the extracts. These two 
sets of measurements yielded the same rate of disappearance of in- 
jected serine, and indicated that in the utilization of serine its amino 
nitrogen is transferred to some non-extractable component of the 
tissue, while any non-nitrogenous residue is so altered as to be no 
longer oxidizable to formaldehyde by periodic acid (Table Y). ^ 

Serine is the first nitrogenous compound, the utilization of which we 
have found impaired after exposure to mustard. Due to the slow rate 
of normal utilization of serine by the cornea, we have so far been 
unable to isolate any of its breakdown products, and no data are ava - 
able which would suggest the mechanism of its utilization. It is plain, 
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however, that the serine nitrogen is transferred to some nonextractable 
tissue component, and that the process involves more than the simple 
oxidative de-amination of serine, for hydroxypyruvic acid, the product 
of such a reaction, would give formaldehyde on oxidation with periodic 
acid and hence be titrated as serine. 

We are unable to throw any light on the endogenous substance which 
yields formaldehyde on oxidation with periodic acid. Exogenous 
serine is utilized in the cornea at an appreciable rate whereas the endo- 
genous F.P. does not disappear from the tissue on incubation. It may 
well be that this endogenous material is normally produced as rapidly 

TABLE XI 

Utilization of Serine as Determined by Amino-Nitrogen Measurements 
Amount injected; 2 mg. serine per cornea. 

Results in micrograms nitrogen per cornea. 


BEroRE INCirBATION 

AFTER INCUBATION 

Controls 

Injected 

Controls 

Injected 

113.5 

322 

118 

271 

109 

306 

94.8 

282 

107 

312 

92.5 

272 

no 

300 

84 

274 


308 

108 

258 




269 

Average 109.9 

309.6 

99 

271 

Injected minus Con- 




trols 

199.7 


172.1 


Utilized per hour: 2.76 micrograms nitrogen or 21.0 micrograms serine. 


as it is consumed and that its level is thus kept constant on incubation. 
Since the utilization of serine is impaired after exposure to mustard, one 
might expect endogenous serine to accmnulate in the tissue after ex- 
posure, but this is not necessarily so because the mustard injury may 
inhibit the formation of serine as well as its consumption. In any 
case, the inhibition of utilization of serine does not account for the 
increased NPN found after exposure to mustard. 

SUMMARY ANU DISCUSSION 

The stability of the extractable non-protein nitrogen content of beef 
corneas on prolonged incubation was a gratifying finding, since it indi- 
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xated that the tissuewas not undergoing autolysis. Indeed, the capacity 
of the tissue to utilize ammonia shows that synthetic processes are still 
going on in the cells. These findings strongly supported our previous 
conclusions that, with the simple techniques used, the corneas could be 
maintained alive for many hours in the incubator. 

The extractable non-protein nitrogen content of the cornea increases 
.after exposure to mustard. Approximately one half to two thirds of 
the increased NPN is titratable as amino nitrogen, indicating that the 
excess NPN is derived from proteins. We have attempted to demon- 
strate the presence of denatured proteins in the tissue after exposure to 
mustard, but the available methods proved insufficiently sensitive to 
give us an answer to this question. 

Certain quantitative relations between the amount of mustard taken 
up by the cornea and the amount of NPN released are of interest. 
With exposures of 10 minutes we estimate that 6 micrograms of mus- 
tard is taken up per square centimeter of cornea, or 24 micrograms per 
cornea. Approximately one sixth of this, or 4 micrograms, is bound by 
the tissue. This exposure results in the formation of about 20 micro- 
grams of NPN or, roughly, 70 moles of nitrogen for each mole of mus- 
tard bound. This is roughly the order of magnitude of accessible SH 
groups to nitrogen in some proteins. 

The failure of the excess NPN to increase indefinitely with increased 
dosage of mustard raises interesting problems. It may be supposed 
that with increased exposure some proteolytic enzymes are inactivated. 
However, this should result in greater final NPN production with 
greater exposure to mustard even if the rate of production of the ex- 
cess NPN were slowed. This we did not find. In a short series of 
experiments we compared the NPN production after exposure to mus- 
tard on aerobic and anaerobic incubation. Under anaerobiosis pro- 
teolytic enzymes are generally activated, but the excess NPN produced 
under these conditions was somewhat less than on aerobic incubation. 
It would seem possible, therefore, that oxidation of some proteins that 
had reacted with mustard may enhance their susceptibility to hydroly- 
sis. This suggestion is made in order to show a possible relation be- 
tween the excess NPN formed on incubation after exposure to mustard 
and the loosening of the corneal epithelium which occurs after exposure. 
The dosage range eUciting these two effects is identical. The mcreasea 
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NPN appears before the looseniiig of the epithelium. The cohesive 
boundary can be destroyed by proteolytic enzymes. Anaerobic incu- 
bation of mustard exposed corneas protects the tissue against loss of 
cohesion. 

The ejEfect of mustard on serine metabolism revealed many points of 
similarity to its effect on lactate metabolism. Both metabolites are 
normally consumed by the intact cornea but not by the denuded 
stroma, and the consumption of each is inhibited after exposure to 
mustard. The endogenous formaldehyde producing material which .we 
have titrated as serine is normally present in far higher concentrations 
in the epithehmn than in the stroma. After exposure to mustard the 
concentration of this material rises in the stroma and falls in the epi- 
thehum. A possible explanation of this finding would be in inhibition 
of the transfer of this substance from stroma to epithelium. We have 
performed one preliminary experiment to find out whether there is a 
corresponding active transfer of exogenous serine. After injection of 
serine into the stroma, and subsequent incubation, the concentration 
in the epithelimn was found to rise rapidly reaching a level far higher 
than that in the stroma. The calculated concentration of serine in 
the epithelium in this experiment remained much higher than that in 
the stroma even after subtracting the normal titration values of the 
endogenous formaldehyde producing substance. 
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beef corneas. In addition to the data on the metabolic effects of mus- 
tard on the cornea presented in the preceding papers, a study of the 
non-protein nitrogen content of the tissue after exposure to ultraviolet 
light and to colchicine is reported below. 

, AGENTS TO BE COMPARED 

1) Sulfur and Nitrogen Mustards. Studies on the altered metabo- 
lism of the cornea after exposure, reported in the preceding papers, have 
been limited entirely to sulfur mustard, and no data are available con- 
cerning the effects of the nitrogen mustards on corneal metabolism. 
Studies on mitotic and nuclear changes and on loosening of the epi- 
thelium revealed no differences between mustard and three of the 
nitrogen mustards. 

Estimates of the amount of mustard absorbed by the tissue in the 
production of a given effect must be given with considerable reserve. 
In respect to those doses which produce the metabolic disturbances 
and the epithelial loosening in the beef cornea, we are on reasonably 
solid ground, having measured directly the mustard uptake of the beef 
cornea under the conditions of exposure that we were using. In order 
to reach an estimate of the dose required for mitosis inhibition two 
extrapolations were necessary. In the first place, we have assmned 
that the uptake of mustard per square centimeter in the rat’s cornea 
imder similar conditions of exposure is the same as in the beef, and 
have then measured the time of exposure to mustard vapor required to 
produce a lesion of given cUnical severity in the rat. We have then 
reproduced lesions of the same clinical severity by administering to the 
eye a drop of mustard dissolved in hexane. Using instillation of much 
more dilute solutions of mustard in hexane we have explored the effect 
on inhibition of mitosis. The estimate we have given for the dosage 
related to different degrees of mitosis inhibition rests on the assmnption 
that the amount of mustard absorbed from a hexane solution, or from 
vapor, are the same if they cause lesions of the same severity; and that 
the amoimt absorbed from increasingly dilute solutions of hexane is 
proportional to the concentration. Comparison of rat and beef corneas 
exposed to the same doses of mustard vapor indicates that the rat’s 
cornea is about twice as susceptible to this agent in respect to loosening 
of the epithelium as the beef. 

2) Ultraviolet Light. A report of many of our findings on the effect 
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of ultraviolet light on the rat’s cornea has been published elsewhere 
(1). Some additional data relating to the effects of specific wave 
lengths have been obtained in collaboration with Dr. Kinsey at the 
Howe Laboratory and later with Dr. Hollaender at the National Insti- 
tute of Health and will be included in brief summary below. 

A comparison of the effects of ultraviolet light on beef and rat 
corneas in producing epithelial loosening and nuclear fragmentation 
revealed that in order to elicit comparable reactions, a dose was re- 
quired for beef tissue 10-20 times that required for the rat. Moreover 
nuclear fragmentation develops much more slowly in the beef than in 
the rat after both ultraviolet and mustard exposures. In the rat’s 
corneal epithelium, clumping of the nuclear chromatin is visible 2-3 
hours after exposure, and disappearance of the nuclear membrane with 
dispersal of the chromatin into the cytoplasm is abundantly shown 
after 6 hours of incubation. In the beef, clumping of the nuclear 
chromatin is visible after 6 hours at 37°C., but in most of the affected 
cells the nuclear membrane remains intact up to 18 or 20 hours after 
exposure. The chromatin in the affected cells in the beef usually forms 
a solid mass in the center of the nucleus surrounded by an eosinophilic 
zone, or, alternatively, it is adherent to the nuclear membrane. Similar 
patterns are seen occasionally in the rat’s corneal epithelial cells. 
Unless otherwise specified, the dosage of ultraviolet was controlled by 
varying the time and distance of exposure, using a cold quartz mercury 
arc as the source. At the standard distance of 5 cms. this source 
yielded approximately 10® ergs/cm^ per minute. 

3) X-ray, Grenz ray, Beta ray. A comparison of the effect of hard 
(200 KV) and soft (24 KV) X-ray was made in collaboration with Dr. 
Gustav Bucky. For equal exposure in terms of roentgen units (ioniza- 
tion produced per cm*) equal effects were produced. Beta ray from 
radon contained in a thin glass capsule was applied with the capsule 
5 mm. from the apex of the cornea. The results were essentially 
similar to those with X-rays. Under the conditions of our experiments, 
exposure to Beta radiation equal to 1 gram second (radium) gave an 
inhibition of mitosis equal to that of approximately 50 roentgen unites. 
Owing to the geometrical relations between the applicator and the 
cornea, the exposure to Beta rays at the periphery of the cornea was 

slightly less intense than at the center, and recovery from the inhibition 
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romponent required to recover from the inhibition. (B) mav fnr 
mstance, be required to form (A). ^ 

. With ultraviolet and mustards, the inhibition of mitosis develoned 
slowly over the course of some hours, the speed with which the inhi- 
bition developed being roughly proportional to the dose (Fig. 2). Re- 
covery from the inhibition followed curves similar to those obtained 



Fro. 2. Mitosis Inhibition and Recovery eollowing Exposure to Two 
Difeerent Doses of Ultravioie;t (A and C) and to a Single dose 
OF Nitrogen Mustard (B) 

The dose of Ultraviolet producing the results shown in Curve C is double that 
or Curve A. Curve B is the same as that shown in a previous report (4). 


with X-rays. Comparing inhibitions of equal duration produced by 
ultraviolet and mustard on the one hand with those produced by X-rays 
on the other, it was found that with mild exposure (6-12 hours inhi- 
bition) the inhibition was less complete with ultraviolet and mustard 
than with X-ray. 

If the supposition about a possible dual injury with X-ray is correct, 
then ultraviolet and mustard do not injure the (A) component but may 
injure the (B) component similarly to X-rays. The matter, however. 
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is more complicated. Over the range of dosage we have studied, the 
inhibitions produced by ultraviolet and mustard are quite regularly 
followed by a period of mitotic activity exceeding that of the control, 
while we have observed no such recovery overshooting following 
X-radiation. On the other hand, recovery overshooting has been 
observed following mitosis inhibition from X-radiation on grasshopper 
neuroblast (3) . Perhaps we have not yet reached sufficiently low doses 
of X-radiation to demonstrate recovery overshooting in the cornea, 
but in any case inhibitions of similar durations are associated with 
recovery overshooting in the case of mustard and ultraviolet, and are 
without this in X-radiation. 

Several alternatives present themselves as possible explanations of 
the recovery overshooting. Some normally inhibitory mechanism 
may be removed, or some necessary metabohte may accumulate in 
excess. This matter has already been discussed in a previous paper 
(4) where evidence was presented indicating that during the overshoot- 
ing following mustard there was no disproportionate excess of cells in 
the premitotic state. Similar results have been obtained on the over- 
shooting following ultraviolet. 'The recovery overshooting following 
mustard and that following ultraviolet radiation was tested with 
adrenalin, and it was found that the mitotic activity was just as sus- 
ceptible to inhibition by adrenalin during the overshooting as in normal 
controls. 

II. Nuclear Fragmentation. The phenomena of nuclear fragmenta- 
tion following exposure to mustard (5) and to ultraviolet (l) have been 
reported in previous papers. In respect to the cytological pattern of 
development, no differences were noted between the two agents when 
studies were made on the same species. The incubation periods and 
the time of development through various stages were the same. In 
both cases the development of nuclear fragmentation was inhibited by 
anoxia and by reduced temperature of incubation. In each case evi- 
dence has been adduced suggesting that the nuclear fragmentation 
represents, perhaps, a pathological and distorted form of mitosis. 

In spite of the considerable similarities between nuclear fragmenta- 
tion produced by mustard and by ultraviolet, important differences are 
still present. Under normal conditions only a few cells, and these only 
in the basal layers of the corneal epithehum, are susceptible to nuclear 
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fragmentation by mustard and nitrogen mustard. We have suggested 
that these susceptible cells may be those which are in a premitotic state 
(5). A variety of conditions, e.g. previous exposure to adrenalin, to 
hypotonic, and to acid solutions, greatly increase the number of sus- 
ceptible cells, and under these conditions cells in the superficial, nor- 
mally non-mitosing layers may also show nuclear fragmentation after 
exposure to the mustards. 

In contrast to these findings ultraviolet produces fragmentation 
mainly in the superficial layer of corneal cells, and, in the rat, cells 
showing this reaction are regularly abundant, irrespective of the con- 
ditions of pretreatment so far tested. It should be noted that mitotic 
activity is normally absent in this cell layer. It might be supposed 
that exposure to ultraviolet entails an effect sensitizmg cells to nuclear 
fragmentation similar to that of the various agents which were shown 
to be sensitizing when followed by mustard. We are forced to the 
conclusion that while the pathological processes of nuclear fragmenta- 
tion produced by ultraviolet and by mustard are apparently identical, 
the state of cells responding in this way to the injury is different for 
the two agents, and hence that the primary injuries by these two agents 
are different. 

In the comeal epithelial cells we have seen no similar nuclear frag- 
mentation following X-ray. We have not, so far, tested whether the 
pretreatments which sensitize the corneal cells to nuclear fragmenta- 
tion by mustard have a similar effect in relation to X-ray. It may be 
noted that nuclear fragmentation in the comeal epitheliiun is associated 
with a marked increase in the amount of Feulgen positive material 
similar to that seen in normal mitosis. Hevesy (6) has recently re- 
ported that in certain tissues which he has studied, mitosis inhibition 
produced by X-ray is associated with an inhibition in, the synthesis of 
desox 3 rribose-nucleic acid. An inhibition of desoxyribose-nucleic acid 
synthesis might make nuclear fragmentation impossible since in the 
cornea this phenomenon is associated with the accumulation of Feulgen 
positive material. It may be noted, however, that nuclear fragmenta- 
tion occurs in the bone marrow and in lymphoid tissue after X-radia- 
tion. No information is available as to whether, in the tissues, nuclear 
fragmentation is also associated with the synthesis of Feulgen positive 
material. 
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It may be pointed out that after exposure to X-ray and Beta ray 
pathological mitoses in the form of unequal separation of the chromo- 
somes at anaphase, or multipolar mitotic spindles are occasionally seen. 
Phenomena of this type have been frequently described in relation to 
the effects of ionizing radiations on other tissues. They appear to us 
to have no relation to what we have defined as nuclear fragmentation, 
and we have not seen mitoses of this type following mustard or ultra- 
violet exposures. 

Further evidence that mitosis inhibition and nuclear fragmentation 
result from injuries that are at least to some extent independent is seen 
in Table I. Taking the dose which produces 24 hours inhibition of 
mitosis as the basis of comparisons, nuclear fragmentation is produced 
by one third this dose in the case of ultraviolet, ten times this dose 
in the case of mustard, and not with two hundred times this dose in 
the case of X-ray. 

Colchicine does not inhibit the onset of mitosis in the corneal epi- 
thelium in the doses that we have studied, but stops the process in 
metaphase without spindle formation. After prolonged arrest in meta- 
phase the chromatin tends to clumpirregularly and eventually fragments 
become dispersed in the ceU. The final result is similar to that pro- 
duced by mustard and ultraviolet. Since only spontaneously mitosing 
cells reach this state imder colchicine the lesion is confined to the basal 
epithelium. The time required for a cell in arrested metaphase to 
undergo this form of chromatin dispersal is markedly influenced by the 
temperature. If rats’ eyes are removed 40 minutes after systemic col- 
chicine injection (50 mg. per Kg. bod)rweight) and incubated in moist 
chambers, the chromatin dispersal occurs in 4 hours at 38°C.,in8 hours 
at 30°C., and it only begins to appear between 20 and 24 hours at 
25°C.i 

III. Loosening of the Corneal Epithelium. Ionizing radiations, ultra- 
violet, mustard, and colchicine, aU produce loosening of the comeal 
epithelium, but at doses that vary widely relative to the mitosis inhi- 
biting dose. The two effects appear, therefore, to be independent. 
The question of the possible relation between nuclear fragmentation 

'It is of some interest in this connection that the systemic toxic effects of 
colchicine have been reported to be markedly dependent on temperature in 
hibernating (7), and in cold blooded animak (8). 
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and epithelial loosening in the case of mustard has already been dis- 
cussed (4). Both processes are suppressed by anoxia and hence both 
require oxygen for their development, but the temperature coefficient 
of nuclear fragmentation is steeper (Qm = 3.5) than that for loosening 
of the epithelium (Qio = 3), consequently either phenomenon can be 
made to precede the other depending on the temperature of incubation. 
Moreover, under basal conditions (absence of preceding adrenalinemia) 
in vivo, nuclear fragmentation is minimal but the loosening process is 
not diminished. 

We believe, therefore, that the epithelial loosening process is inde- 
pendent of nuclear fragmentation in spite of the fact that there are 
some apparent correlations between the two processes. For instance, 

TABLE I 


Comparison of Dosage Level with Different Agents in Rats' Corneas 



1 

I UDSTASD 

mCS0G2All/CM* 

ULTRAVIOLET 
EXPOSURE THEE, 
MINUTES 

X-RAV 

ROENTGEN UNITS 

24 hours Mitosis Inhibition 

0.01 


100 

Threshold Nuclear Fragmentation 

0.1 



Loosening of the Epithelium 

1.0 

3 

20,000* 


* The loosening of the corneal epithelium occurs as part of the late ulcerative reaction 
and must be only very indirectly related to the initial ionizing effect of the radiation. 


ultraviolet, which causes the most abundant nuclear fragmentation, 
produces epithelial loosening at relatively low doses, while X-ray 
which fails to cause nuclear fragmentation, requires the highest dose to 
produce epithelial loosening when the dose for mitosis inhibition is 
taken as the standard of reference (Table I). 

Colchicine administered systemically in doses fatal to many of the 
rats in 18-24 hours (2 mg./kilo) fails to produce loosening of the corneal 
epithelium. Intracorneal injection of as little as 0.1 micrograms in 
beef corneas produced definite loosening of the epithelium (Table ID- 
Since the wet weight of the beef cornea is about one gram this amounts 
to a concentration of 0. 1 milligrams per kilo. It follows that either t e 
beef cornea is much more susceptible to the loosening effect of colcm- 
cine than the rat’s, or that systemically injected colchicine in the ra 
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that the increased NPN is not derived from cells undergoing nuclear 
fragmentation for such cells are much more abundant after ultraviolet 
than usually the case after mustard. 

^'No change in the extractable NPN content of the cornea was noted 
after injections of colchicine (Table IV). If the increased NPN after 

TABLE III 

Effect of Ultraviolet Irradiation upon the Non-Protein-Nitrogen Content of Beef Cornea^ 
Treatment: irradiated for 30 min, at a distance of 2cm. from source. 

Incubation: 6 hours at 37.5°C. 


inCEOGEAMS NPN PEK COSNEA 


Controls 

Treated 

247 

273 

239 

283 

252 

297.5 

253.5 

274 

259.5 

321 

267 

336.5 

257.5 

302.5 

251.5 

282 

275.5 

296.5 

219.5 

313 

216.5 

258.5 

245 

299.5 

244.5 

229.5 

232.5 

276.5 

269.5 

246 

291 

275 

261.5 

267.5 

277.5 

263 

Average 249 

277 


Average increase per cornea = 28 micrograms NPN. 


mustard is connected with the loosening of the corneal epithelium, then 
the mechanism of loosening of the epithelium by colchicine must^ e 
different from that by mustard. Since nothing is known concermng 
the mechanism of action of colchicine in chemical or metabolic terms, 
no interpretation of this negative finding can be offered at the • 
A comparison of the effects of mustard, ultraviolet, and colchicm 

on the beef corneas is shown in Table V. 





TABLE IV 

Effect of Colchicine upon the Non-Protein-Nitrogen Content of Beef Corneas 
Amount injected: 10 micrograms colchicine in 0.25 ml. of 0.3% saline. 
Incubation: 10 hoiurs at 37°C. 


inCSOGKAUS NPN PER CORNEA 


Controls 

Treated 

278 

290 

295.5 

283.5 

201 

286 

229.5 

247 

238 

232 

248 

224.5 

238.5 

f 243 

246 

241.5 

276.5 

' 228.5 

271.5 

242 

263.5 

247 


276.5 

Average 253 

253.5 


TABLE V 

Relation between Proteolysis, Epithelial Loosening, and Nuclear 
Fragmentation in Beef Corneas 


TIEATICENT 

1 

CONDITIONS OF INCUBATION 

raOTTOLYSIS 

(increase in 
NPN) 

LOOSENING 

OF 

EPITHELIUM* 

NUCLEAEFEAG- 
MENTATION IN 
EPITHELIUUt 


Aero- 

bic 

Anaer- 

obic 

Aero- 

bic 

Ana- 
ero- ' 
bic 

Aero- 

bic 

Anear- 

obic 

1. Exposed to Mustard Va- 

10 hours at 28° 

+ 

+ 

+ 

... 

— 


por:15min. UptakeO.6 

20 hours at 29° 

+ 

+ 

+ 

— 

dz 

— 

micrograms per cm.’ per 
minute 

10 hours at 37° 

+ 

+ 

+ 



— 

2. Irradiated at 2 cm. dis- 

6 hours at 37°C. 

+ 


— 

— 


— 

tance from ultraviolet 

12 hours at 30°C. 

— 


— 

— 


— 

source; 30 min. 

20-24 hours at 30°C. 

+ 


+ 

— 

-J 

— 

3. Injected with 10 micro- 

10 hours at 37°C. 

— 


+ 

— 


— 

grams Colchicine 

10 hours at 28°C. 

— 



i ~ 

— 



* The adhesion of the epithelium was tested with a scraping weight of 90 gms. Sig- 
nificance of sjTnbols same as in Table IT. 
t — indicates no nuclear fragmentation. 

± indicates intranuclear chromatin clumping. 

-h indicates loss of nuclear membrane and dispersal of chromatin fragments. 

} Superficial layers. 
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SUMMARY 

Some of the tissue reactions to X-ray, ultraviolet radiations, and 
colchicine, have been compared with similar reactions to mustard. 
Among the agents compared, the effect of ultraviolet resemble those of 
mustard most closely, though with definite quantitative differences 
and with differences in relative susceptibihty among various layers of 
corneal epitheUal cells. If the mitosis inhibition produced by X-ray 
has any element in common with that produced by ultraviolet and 
mustard, then the effects of both types of agents are complex, each in- 
volving some factors not shared by the other. In the case of ultra- 
violet and mustard there may be some connection between the factors 
which lead to mitosis inhibition and those which lead to nuclear frag- 
mentation, but nuclear fragmentation was not found in the comeal 
cells after X-ray in spite of marked inhibition of mitosis. Neither 
mitosis inhibition nor nuclear fragmentation appears to be directly 
connected with the loosening of the comeal epithelirun nor with the 
increased NPN content of the cornea found after ultraviolet or mustard 
exposure. If the increased NPN following mustard is connected with 
the mechanism producing loosening of the epithelium which occurs 
with the same intensities of exposure, then the mechanism of loosening 
the epithelium by colchicine is different from that induced by mustard. 
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XVil. SUMMARY AND SOME POSSIBLE 
INTERPRETATIONS 

JONAS S. FRIEDENWALD 

A general summary and discussion of the effects of mustard on 
nuclear activities in the corneal tissues is given in the preceding paper. 
The present paper concerns the effects of mustard on corneal metabo- 
lism and the possible relation of these effects to the loosening of the 
corneal epithelium. 

I. Metabolic Interaction between the Corneal Epithelium atii Stroma. 
The evidence presented in the preceding papers reveals that the carbo- 
hydrate metabolism of the corneal epithelium is similar to that found 
in many other tissues. It has a cyanid sensitive oxygen uptake and 
contains cytochrome oxidase. It consumes glucose, glycogen, lactate, 
and pyruvate. Under aerobic conditions and adequate supply of 
carbohydrate, the oxygen uptake equals that required for complete 
combustion of the carbohydrate consumed. Under anaerobic condi- 
tions, lactate is produced equivalent to the loss of glucose and glycogen. 
Glycolysis is inhibited by fluoride and iodoacetate, and under these 
circumstances phosphate esters accumulate, indicating that the gly- 
colytic system follows the usual pathways. In the absence of adequate 
carbohydrates,, the oxygen uptake remains normal or rises. This is 
not associated with any increased non-protein nitrogen. Conse- 
quently, the alternative metabolites are probably fats. 

In contrast with the conventional metabolic pattern of the epi- 
thelium, the stroma has no oxygen uptake and can utilize neither 
lactate nor pyruvate. Nevertheless, it is capable of utilizing glucose 
at a rate per cell about twice that of the epithelium. Lactate is pro- 
duced by the stroma but cannot be consumed by it. In the isolated 
cornea the lactate produced by the stroma is utilized by the epithelium, 
and constitutes an appreciable fraction (perhaps about 25%) of the 
total carbohydrate supply of the epithelium. Moreover, the aerobic 
glucose consiunption of the stroma with the epithelium in place appears 
to be considerably less than in the freshly denuded stroma, indicating 
a control of glucolysis in the stroma by the oxidative metabohsm of the 
adjacent epithelium, analogous to the familiar intraceUular Pasteur 

effect. 
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The denuded corneal stroma, however, rapidly loses its capacity to 
utilize glucose, and an examination of the distribution of phosphate 
esters in the tissue suggests that the failure in glucose consumption is 
due to an exhaustion of the capacity of the tissue to transfer phosphate 
from glycerophosphate to hexose. We have concluded, therefore, 
that the epithelium normally assists the stroma in maintaining a supply 
of carriers for energj’^-rich phosphate transfers. 

After ex-posure of the cornea to mustard in appropriate dosage, the 
consumption of stroma lactate by the epithelium is markedly inhibited. 
This inhibition occurs even when the epithelium is still able to consmne 
its endogenous stores of lactate at an almost normal rate. Conse- 
quently, the epithelium must possess a special mechanism for the 
utilization or transfer of the stroma lactate. In either case it is reason- 
able to suppose that this mechanism is located at, or close to the 
stroma-epithelium boundary. Failure in the utilization of stroma 
lactate after exposure to mustard is associated with a corresponding 
decrease in Oj uptake, indicating that the metabohtes (fats) which nor- 
mally serx'e as alternates when the supply of lactate is reduced, cannot 
be consumed after mustard injury. If the same injury is responsible 
for inhibition of the utilization both of lactate and of its alternates, a 
link in the hydrogen transport system common to both of these metab- 
olites must be damaged by mustard. This leads to the conclusion 
that a special hydrogen transport system is present for the utilization 
of the stroma lactate, independent of that concerned with the utili- 
zation of endogenous lactate in the epithelium. 

II. Transfer of Metabolites from Stroma to Epithelium. Lactate, 
pyruvate, serine, and probably butyrate, are not consumed by the 
denuded stroma but are consumed by the cornea with the epithelium 
intact. The question, therefore, arises as to whether their penetration 
into the epithelium is by simple diffusion or by active transfer. 

(1) Pyruvate. Cogan and his co-workers (1) have shown that the 
stroma-epithelium boundary" is highly impermeable to ions, and his 
conclusions are stronglj' supported by our own measurement of the 
electrical resistance of the tissue (2). When sufficient pyruvate is 
placed in the stroma, the epithelium consumes 400 micrograms of 
pyruvate per hour. The movement of anions at this rate is equivalent 
to an electrical current of 0.1 milliamperes. The electrical resistance 
of the boundaiy is 500,000-1,000,000 ohms per square millimeter or 
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1,000 to 2,000 ohms per cornea. Consequently, energy equivalent to 
0.1^.2 volt would be required to transfer the pyruvate through the 
resistant boundary. The required energy seems excessive in relation to 
the diffusion potential of a 0.01 molar solution of pyruvate in the pres- 
ence of physiologic concentrations of electrolytes. 

As a matter of fact, hliles (3) has found a potential of approximately 
0.001 volt associated with the corneal surface, but of the opposite 
sign to that required for the movement of anions from stroma to epi- 
thelium. Whether this potential arises in the cornea or in some of the 
intraocular tissues has not been decided. There is, furthermore, a 
difference in redox potential between epithelium and stroma, but if 
there is any redox interaction between epithelium and stroma in the 
cornea similar to that which has been found in some other tissues (4, 5), 
the compensating ionic exchange would be in the opposite direction to 
that required to transfer anions from stroma to epithelium. 

In view of these difi&culties we are compelled to consider the possi- 
bility that pyruvate may be converted into an uncharged molecular 
species in preparation for its transfer to the epithelium. One possibil- 
ity is that the pyruvate might be esterified onto some component of the 
boundary layer, and de-esteri&ed on the opposite side. A second 
possibility is that pyruvate which, as is well known, forms unusually 
stable condensation products, may be transferred to the epithelium in 
the form of an unionized poljoner. Since the transfer and utilization 
of pyruvate remains unaffected after mustard, the precise mechanism of 
pyruvate transfer need not be pursued further. 

(2) Lactate. The evidence against simple diffusion as the mech- 
anism of transfer is considerably stronger in respect to lactate than 
pyruvate. The amount of stroma lactate consumed by the epithelium 
is only 25 micrograms per hour as compared with 400 micrograms 
pyruvate per hour, but the concentration of lactate in the epithe- 
lium except under very special experimental conditions is either 
equal to or higher than that in the stroma. In corneas freshly removed 
from the animals, the concentration of lactate in the epithelium is 
twice that in the stroma, and this difference can be maintamed un- 
changed for many hours of incubation if glucose is supplied. 1 
simple diffusion between the two tissues were possible equalmation o 
the lactate content would be expected. Furthermore, the failure ot 
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the stroma lactate level to rise significantly under these conditions 
indicates either that lactate is being transferred against an adverse 
concentration difference, or that the stroma has no glucose consump- 
tion. The latter alternative is contradicted by direct experimental 
measurements on the isolated stroma. 

\\Tien excess lactate is injected into the stroma it is consumed at the 
rate of 25 micrograms per hour irrespective of its concentration in the 
stroma. This is, therefore, the upper limit of the activity of either the 
transfer or the consuming mechanism. 

In spite of the strong evidence against transfer of lactate by diffusion, 
we have, so far, failed to obtain correspondingly direct positive evi- 
dence for active transfer. We have sought for conditions under which 
we could demonstrate a decline in stroma lactate during a period in 
which the concentration of lactate in the epithelium is higher than that 
in the stroma. Unfortunately, in fresh tissue at the time when the 
concentration difference is found, the cornea contains an appreciable 
reserve of glucose most of which is in the stroma. Until these reserves 
have been used up no decline in stroma lactate concentration is to be 
expected, since production of lactate in the stroma should balance its 
losses by transfer to the epithelium. By the time that the glucose 
reserves have been exhausted, and the stroma lactate level has begun 
to fall, the epithelium has also e.xhausted its quota of glucose and begun 
to consume its endogenous lactate. Consequently the concentration 
difference required to prove active transfer has disappeared. More- 
over, in studying such a sequence of events, different corneas have to 
be sampled after different periods of incubation. Since individual 
variations in the lactate and glucose stores are considerable, rather 
large differences in the experimental results are required to be signi- 
ficant. 

Indirect evidence of active transfer was, however, obtained through 
the demonstration that the transfer of stroma lactate, as well as its 
utilization, is inhibited by mustard. This is shown in experiments 
prcNTOUsly reported (6) in which, after exposure to mustard, the corneas 
were incubated anaerobically for several hours at room temperature. 
By this procedure the effects of the mustard injur}'^ are given time to 
develop while the lactate reserves in the tissue are maintained at a 
normal level. Subsequent aerobic incubation at 29°C enabled the 



330 


JONAS S. FRIEDENWALD 


epitheUum to consume its endogenous lactate and to produce a con- 
centration ratio between the two tissues favorable to diffusion from 
stroma to epithelium. Nevertheless, the stroma concentration of 
lactate was fairly weU maintained on many hours of incubation. 

The evidence that mustard inhibits both the transfer and utilization 
of stroma lactate suggests that the two mechanisms involved may be 
closely linked. We have already suggested that the mechanism for 
utilizing the stroma lactate is at or near the stroma-epithelium bound- 
ary. If we assume that lactate is oxidized at the boundary and con- 
verted to pyruvate then the simultaneous inhibition of both the transfer 
and the utilization of stroma lactate by a single mustard injury would 
be explained. Similar oxidation of extracellular substrates on the 
stroma side of the stroma-epithelium boundary have been shown to 
take place in the ciliary body (4) and choroid plexus (5). In these 
organs the oxidative interaction across the boundary is associated with 
a secretory transfer of water and electrolytes. Such a transfer, how- 
ever, depends on the nature of the boundary. No evidence of such a 
secretory transfer in the cornea is available, though Cogan’s (7) 
finding that the corneal stroma is maintained in a state of detergescence 
when the epithelium is present, and swells by uptake of water in the 
absence of the epithelium, suggests that the interrelations of stroma and 
epithelium include some mechanism for the extraction of water from 
the stroma. 

While the hypothesis suggested above regarding the mechanisms of 
utilization of stroma lactate appears to satisfy practically all the 
available data, there is one set of experiments not easily reconciled 
with this hypothesis. When iodoacetate is injected into the cornea, 
glycolysis is inhibited and the lactate reserves of the tissue are con- 
sumed in the presence of iodoacetate, even if a large excess of glucose is 
present. Mustard inhibits the consumption of the stroma lacta,te. 
If iodoacetate is injected into mustard poisoned tissues, the inhibition 
of lactate consumption is partially reversed. This apparent reactiva- 
tion of an inhibited system by a second poison constitutes a contra- 
diction of some of the assumptions we have made. 

A way out of this dilemma is the following: we have assume so ar 
that glucose is the only possible source of stroma lactate, an 
when tlie reserves of glucose are exhausted no further l^^tate pm 
duction takes place in the stroma. Consequently, we have as 
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when the lactate level in the stroma remained stationary after exposure 
to mustard that the utilization of stroma lactate was completely 
inhibited. It may well be, however, that the stroma is able to produce 
lactate from endogenous stores other than glucose, — for instance gly- 
cogen or mucoid, — and that the inhibition observed after exposure to 
mustard would then represent a balance between the partially inhib- 
ited lactate consumption mechanism and the reduced lactate pro- 
duction in the absence of glucose. If this residual lactate production 
is now inhibited by iodoacetate, a resumption of the decline in stroma 
lactate would occur, producing an apparent reversal of the mustard 
inhibition. If this is correct, then the normal rate of utilization of 
stroma lactate is slightly greater than we have estimated. 

(3) Serine. Unfortunately we have but a single experiment directed 
toward a study of the possible transfer of serine from the stroma to the 
epithelium, and though this experiment yielded evidence of a strong 
accumulation of serine in the epithelium further confirmation is re- 
quired. 

The utilization of serine is inhibited by the same dose of mustard 
required to inhibit the utilization and transfer of lactate. If the mech- 
anism for the utilization and transfer of lactate outlined above is 
correct, no special difficulties would be encountered in accounting 
similarly for the utilization and transfer of serine. Both the imine 
derived from the oxidation of serine and the deaminated product of this 
imine, — hydrox)q)yruvic acid, — would be titrated as serine in the 
analytic procedure used. 

(4) Other substances. Butyrate injected into the stroma of the 
intact cornea is consumed at a rate similar to that for lactate and 
serine. The consumption of butyrate is inhibited by the same dose of 
mustard that inhibits utihzation of lactate and of serine. We have no 
data on the possible utilization of butyrate by the denuded stroma, 
but, since oxidation would appear necessary for its utilization, con- 
sumption by the stroma would seem unlikely. If corneas are incu- 
bated without added substrate until the reserves of lactate are used up, 
alternate substrates are burned, and since there is no increase in non- 
protein nitrogen under these circumstances the alternate substrate are 
presumably fats. Consequently, the metabolic systems in the tissue 
which normally consume lactate can utilize fats as alternates. After 
exposure to mustard sufficient to inhibit the utilization of lactate, the 
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oxygen uptake drops in proportion to the reduced carbohydrate con- 
sumption. The alternates in this case cannot be utilized. It would 
appear, therefore, that butyrate might be a suitable example of an 
alternate to lactate and that its utilization is also carried out by the 
same mechanism. 

Two substances of special interest, glutathione (8) and ascorbic acid 
(9) have been found present in the corneal epithelium in far higher 
concentration that in the stroma. No data are at present available 
to indicate whether these substances reach the epithelium from the 
stroma, from the tears, or are synthesized locally. Moreover, the 
existence of reversibly bound acorbic acid has been demonstrated (10); 
consequently the high concentration of this substance in the epithelium 
need not indicate an inequality in free ascorbic acid between epithelium 
and stroma. Non-protein nitrogen is also found in higher concen- 
trations in the epithelium than in the stroma. 

III. Loosening of the Epithelium. The discussion in the preceding 
sections yields a picture of the boundary between stroma and epi- 
thelium as the seat of complex and intense metabolic activities. Some 
aspects of this metabolic activity are inhibited by mustard. The 
same dose of mustard which produces these metabolic effects also 
causes a loosening of the tissue cohesion at the stroma-epithelium 
boundary. We must now inquire whether any connections can be 
indicated between the metabolic phenomena and the pathological 
event of loss of cohesion. 

In the studies on the loosening of the epithelium (11) it was found 
that proteolytic enzymes on the one hand, and unionized surface 
active substances, such as butyl and amyl alcohol, on the other, disrupt 
the coherent boundary. These findings were taken to indicate that 
the cohesive boundary consists in part of a protein-lipoid multilayer. 
We can now suggest that the lipoid component of this multilayer is 
responsible for the relative impermeability of the boundary to ions, 
and its consequent high electrical resistance. 

EFFECT OF lODOACETATE AND FLUORIDE 

The tissue cohesion is well maintained in the absence of oxygen and 
in the presence of cyanide and azide, but loosening of the epi e m 
occurs after appHcation of iodoacetate and of fluoride. In view oi tni 
we have previously suggested that energy from glycolysis may e r 
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quired for the maintenance of the cohesive system, and this is supported 
by the observation that partial loosening occurs after very prolonged 
incubation (24 hours) in the absence of added substrate, under which 
circumstances the available substrates for glycolytic break-down are 
largely exhausted. However, the matter is somewhat more compli- 
cated. lodoacetate produces a very marked inhibition of glycolysis, 
and causes a loosening of the epithelium. The effect of iodoacetate 
might, therefore, be the result of an inhibition of glycolysis. With 
fluoride, which also inhibits glycolysis, a paradoxical situation arises. 
If fluoride is administered to the cornea in external bathing fluid, it 
causes a loosening of the epithelium if the tissue is incubated aerobic- 
ally, but fails to do so under anaerobic incubation. However, when 
fluoride is injected into the stroma it causes a loosening of the epi- 
thelium both in the presence and in the absence of oxygen. Now 
when fluoride is administered in the external bathing fluid and the 
tissue is incubated anaerobically, a marked inhibition of glycolysis is 
observed. Under these experimental conditions the endogenous sup- 
ply of glucose is rapidly exhausted in the controls without fluoride. 
Therefore, most of the excess lactate produced in the controls is derived 
from glycogen in the epithelium. It follows that fluoride supplied 
externally under anaerobic conditions is able to inhibit glycolysis in 
the epithelium, and, hence, that glycolysis, at least in the epithelium, 
is not necessary for the maintenance of the tissue cohesion. Conse- 
quently the loosening of the epithelimn caused by iodoacetate cannot 
be attributed to inhibition of glycolysis, at least so far as the epi- 
thelium is concerned. The mechanism of loosening by iodoacetate is, 
therefore, independent of that by fluoride. lodoacetate does not 
inhibit the utilization of stroma lactate. It differs from mustard both 
in this respect and also in the fact that the loosening is produced by 
iodoacetate both aerobically and anaerobically. 

When fluoride is administered and the tissue incubated aerobically, 
it causes inhibition of glycolysis and also inhibition of utilization of 
stroma lactate, and the epithelium is loosened. It might be supposed 
that the failure in utilization of lactate under these circumstances is 
due to an inhibition of pyruvate oxidation displacing to the left the 
reaction: 


Lactate Pyruvate + 2H 
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However, the tissue can dispose of pyruvate by dismutation at a very 
rapid rate even in the presence of fluoride. Consequently, the effects 
of fluoride on lactate utilization must be on the mechanism that oxi- 
dizes lactate, unrelated to any effects that it may have on pyruvate 
oxidation in addition. We have here a parallelism between mustard 
and fluoride, both of which inhibit the utilization of stroma lactate and 
cause loosening of the epithelium. There is, however, an important 
difference. The loosening by mustard does not occur on anaerobic 
incubation, that by fluoride injected into the stroma does. Conse- 
quently the injury by fluoride is more directly disruptive of the cohesive 
boundary than that of mustard. 

One further conclusion is to be drawn from the fluoride experiments. 
Under anaerobic conditions fluoride introduced into the stroma causes 
loosening of the epithelium, but when introduced into the epithelium 
it is without effect, and therefore, the stroma-epithelium boundary is 
impermeable to fluoride under anaerobic conditions. When the same 
experiment is performed aerobically loosening occurs no matter on 
which side of the boundary the fluoride is presented. It follows either 
that fluoride can loosen the epithelium by either of two independent 
mechanisms, or that the boundary between epithelium and stroma is 
less impermeable under aerobic than under anaerobic conditions. 
These cormnents suffice to show that the cohesive system is a highly 
complex organization, and has several points of vulnerability. 

EFFECT OF MUSTARD 

In spite of these obvious complexities we can, at least, hold fast to 
what little we do know about the effects of mustard, and inquire 
whether there is any possible connectionbetweenthem. Mustardcauses 
loosening of the tissue on aerobic but not on anaerobic incubation. 
Consequently, oxygen is necessary for the effect, and either some new 
oxidative channel is opened by mustard or some normally compen 
sating reduction is blocked. The fact that the oxygen uptake of the 
tissue diminishes after exposure to mustard makes the first alternative 
unlikely. Normally the tissue consumes the stroma kctate, presum- 
ably by oxidation, and reasons have been given above indicating t a 
this utilization of stroma lactate takes place at, or near, Ike stroma- 
epithelium boundary. When lactate is oxidized something else i 
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reduced. Mustard inhibits the utilization of stroma lactate, conse- 
quently at some point higher iip in the affected hydrogen transport 
system something else fails to be reduced. We have, therefore, a 
potential link between the metabolic effects of mustard on lactate 
utilization and its effects on the cohesive boundary. 

Under anaerobic incubation the loosening effect by mustard does not 
occur, and, in addition, some repair of the primary damage does occur, 
for subsequent aerobic incubation results in significantly less loosening 
of the epithelium than aerobic incubation without preliminary anaero- 
bic incubation. There is a similar effect of a period of anaerobiosis 
following exposure to mustard in respect to the inhibition of lactate 
utilization. Moreover, the dosage range of mustard in respect to these 
two effects is identical. Finally, the effect on lactate utilization devel- 
ops within two hours after exposure, while the loosening requires about 
six hours of incubation to become manifest. All this can be brought 
together in the supposition that the boundary itself contains com- 
ponents of the hydrogen transport system for utilization of the stroma 
lactate, and that oxidation of some of these components destroys some 
of the cohesive forces, perhaps by rendering these components sus- 
ceptible to proteolytic cleavage. 

NUCLEAJR EFEECTS 

In formulating an hypothesis as to the mechanism of mustard 
injury which leads to a loosening of the corneal epithehum, one can at 
least attempt to link the pathological phenomenon with those meta- 
bolic disturbances that have been found to be associated with it. Even 
such a tentative guide is lacking when we face the problem of the 
disturbances in nuclear physiology which result from exposure to 
mustard, for these disturbances occur at dosage levels at which no 
metaboHc abnormalities have as yet been found. An attempt at an 
hypothesis regarding these effects can be guided only by analogy. The 
boundary between some tissues appears to be both the seat of active 
metabolic interaction and to contain components that react readily 
with mustard. Similar metabolic interactions and similar chemical 
reactivity may perhaps be found at the nuclear boundary. 

IV. Commeyit. In the preceding discussion we have attempted to 
bring together the available information on the metabolic interactions 
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between epithelium and stroma, the effect of mustard on these inter- 
actions, and the effect of mustard on tissue cohesion. In order to 
illustrate one way in which this information might be combined a 
series of unsupported hypotheses have been introduced, chiefly 
centering around the assumption that the metabolic interaction may 
be located at the boundary of cohesion. There are very serious reasons 
for believing that any such unifying theory is untrue, and this applies, 
a fortiori, to the particular hypotheses that have been suggested to 
illustrate how a unifying theory might be constructed. Each of the 
phenomena that we have sought to bring together is complex, and our 
knowledge of each is very incomplete. Moreover, the effects of 
mustard are themselves complex, and several different effects have 
been shown to be mutually independent. If our work in this field 
were to be continued, we should not have the temerity to suggest these 
unsupported hypotheses, but should merely use them as guides in the 
choice of further experiments. 

The justification for formulating these hypotheses at the present 
time, however, is not merely to pass on to others our current working 
h3rpotheses, however small their value may be, but to show that the 
subject matter has actually reached a stage at which specific working 
hypotheses and a tentative general theory can be formulated in terms 
susceptible to experimental verifications or rejection. The gap in our 
knowledge between the biochemical and the pathological effects of 
mustard is still unbridged, but we can at last ask specific questions as 
to the possible construction of some specific bridges. 
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APPENDIX I 


THE TOLERANCE OF RABBIT CORNEA FOR 
VARIOUS CHEMICAL SUBSTANCES* 

WILLIAM F. HUGHES, Jr., 


In the course of the studies reported in the preceding papers a great 
number of substances were injected into the corneas of rabbits and the 
resulting reactions observed. These experiments were performed, in 
part, as controls for a wide variety of special studies, in part as a pre- 
liminary survey of the general toxicology of the comeal tissue. The 
results are compiled in the table below. 

Unless otherwise noted, 0.1 ml. of the solution of test substance was 
injected intracorneally, using a ^ 25-27 gauge needle and tuberculin 
syringe. Occasionally the anterior chamber was entered accidently, 
in some cases resulting in a persistent edematous bulging of the cornea 
which could be identified clinically and the false positive comeal 
reaction discarded. The exact quantity injected within limits of 
0.05 CC.-0.2 cc. was of less importance than the concentration of the 
injected material. Secondary infection was uncommon. Accidental 
injection of air into the cornea did not increase the severity of the 
reaction produced. 

The reactions following intracorneal injection were similar in 
severity to those following mechanical removal of the corneal epithelium 
with a cotton toothpick swab, followed by irrigation for 10 minutes with 
the test solution. 

A niunerical grading of the severity of the ocular reaction follows the 
scheme outlined previously (1). The single niunerical value represents 
tlie sum of the maximum values of each symptom observed over a 
period of 7-14 days, expressed in percentage of the maximum possible 

total. , 

Concentrations of solutions are expressed in terms of Molarity (‘ M ) 

unless otherwise specified. 
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TABLE I 


Tolerance of Rabbit Cornea for Various Chemical Substances 






NO. EYES 
ZESTED 

SEVERITY 

1 



SUBSTANCE 

CONCENTRATION 

OT 

REACTION 

NOTES 

Miscellaneous Agents 
(Hypertonic, Dehydrating, 





Agents, Solvents, etc.) 





HiO 



0 


0 

All hypotonic 







solutions of 
non - toxic 
agents. 

NaCl 



0.9% 

(0.16M) 


0 

Isotonic 




2.3% 

1 

5 

Hypertonic- 







small bullae 
produced 




4.5% 

1 

10 

Large bullae 




9.0% 

1 

25 

Edematous 







bulging of 







cornea 

C^IsOH 


50% 

1 

20 

Non - progres- 




3% 

1 

0 

sive lesion 

CeHsOH (Phenol) 

0.08M 

1 

10 


CeHjN (Pyridine) 

0.08M 







pH8 

1 

0 





pH7 

1 

0 


OH 







A 

jNOj 

2,4 dinitrophenol 

0.05M 

1 

52 


\/ 



0.012M 

1 

2 


NO2 


0.003M 

1 

5 


HCHO Formaldehyde 

5.3M 

1 

70 





0.33M 

1 

52 





0.016M 

1 

37 


OH 

N 






A 


8-hydroxy-quinoline 

O.OIM 

1 

5 


\/ 

A 

S 







11 





(C.H5)j = 

N-C-SH 

0.05M 

2 

0 


diethyldithiocarbamate 

O.OIM 

2 

1 

0 
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TABLE I — Continued 


SUBSTANCE 

CONCEKTRATION 

KO. EYES 
TESTED 

Miscellaneous Agents — Continued 
Methyl Glyoxal CHO 

1 



1 

C==0 

1% 

1 

1 

0.25% 

1 

CHs 

0.06% 

1 


0.015% 

1 

Putrescine 


2 

NH2(CH2)4-NH2 



Taurine 


2 

NH2(CH2)2SOjH 



Cadaverine 


2 

NH2(CHj)fNH2 



Solvents 

Propylene Glycol 

5 min. irriga- 

1 


tion with 
100% P.G. 



5 min. irriga- 

1 


tion with 
50% P.G. in 
water 



2 drops 

10+ 


0.1 cc. intra- 

1 


comeally 


Ethylene Glycol 

2 drops 

10 

Thiodiglycol 

5 mi'n. irriga- 

1 


tion 

1 min. irriga- 

1 


tion 

2 drops 

5 


0.1 cc. intra- 

4 


comeally 



SEVERITY 

OP 

REACTION ' 

NOTES 

i 

60 

10 

2 

0 


16 


15 

No comeal re- 
action until 
4 days after 
injection in 
one eye. 

1 


50 

Hydroscopic 

agent 

2 


4 

25 

Conjunctival 

irritation 

only 

4 

Conjunctival 

irritation 

only 

62 


25 

1 

4 

45 
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TABLE I — Continued 


STJBSTAITCX 

CONCENTRATION 

NO. EYES 
TESTED 

SEVERITY 

or 

REACTION 

NOTES 

Solvents — Continued 

Isopropyl Alcohol 

1 

3 min. irriga- 

1 

45 



tion with 
50% Isopro- 
pyl alcohol 
in water 


1 


Aerosol 

1 min. irriga- 

1 

32 



tion with 8% 
solution 





4 min. irriga- 

1 

32 



tion with 1% 
solution 





0.1 cc. of 1% 

1 

50 



intracor- 

neally 




Triacetin 

6 nun. irriga- 

j 1 

0 

Non - hydro- 


tion 

0.1 cc. intra- 

1 

25 

scopic 


comeally 




Protein - Precipitating Agents 
{Anions) 

Hydrochloric Acid or 

<pH3 


+ 


Trichloracetic Acid 

>pH3 


0 


“Universal Buffer” (citrate-phos- 

<pH4.5 


+ 


phate-borate) 

>pH4.5 


0 


Metaphosphoric Acid or 

<pH5.5 


+ 


Sulfosalicylic Acid 

>pH6.0 


0 


Picric acid or Timgstic acid or 

pH 7-9 


+ 


Tannic acid 


1 



Mucoid - Dissolving Agents (Al- 
kalies) 

NaOH 

1 

>pH11.5 


+ 



<pH 11.5 


0 


Ca(OH), 

0.014M 
(Sat. Soln.) 

1 

524- 
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SUBSTANCE 


Mclal Ions 

CaCli (neutral solution) 


MgSO* 


Pb(Ac). 


WILLIAM F. HUGHES 
table I — Continued 


CONCENTEATION EYES ^EVESIIY 

tested O*' 

SEACTIOK 


S.4M 
sat. soln. 
l.OM 
0.08M 

0.08M 


0.08M 


0.08M 


0.08M 

0.05M 

0.003M 

0.0015M 

0.08M 
0.1-O.OlM 
0.003M 
0.0012 
0.0006 
0.0003 I 


Hypertonic 

Hypertonic 
Intracorneal 
injections 
Mechanical re- 
moval of cor- 
neal epithe- 
lium fol- 
lowed by 10 
min. irn'ga- 
tion 

At pHS or 7. 
Intracorneal 
Mechanical 
removal of 
epithelium 
followed by 
10 min. irri- 
gation. 


32 


32 


4 


100 

Same reactions 

50 

produced at 

35 

pH 4.2 and 

7 

pH6.0’ 


0.08M 

0.002SM 

0.0013M 

0.0006M 
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TABLE 1— Continued 


SUBSTANCE 

CONCXNTRATION 

NO. EYES 
TESTED 

SEVERITY 

or 

REACTION 

NOTES 

Metal Ions — Continued 

0.0003M 




ZnClj 

to 






0.00004M 

4 

0 


CuCIj 


0.16M 

1 

72 

pH 5.0 



0.08M 

■■ 

65 

pH 5.5 

CuSOi 

0.008-B.002M 


30 




0.001-0.0005M 

H 

17 


HgClj 


0.08M 


75 




O.OOIM 

1 

60 




0.006M 

2 

22 




0.003M 

0.00015M 

2 

8 




to 






0.00002M 

4 

0 


Arsenicals 

C1CH=CH— AsClj (Lewisite ) 

O.OlMgm 


75 

Calculated 






from analy- 
sis of arsenic 
intracor- 
neaUy 

CsHjAsO Phenylarsine oxide 

O.OIM 

1 

100 



lAsCls 


1 




Mapharsen 

0.04M 

1 

85 



NH 2 HCI 

0.004M 

1 


40 


OH 





NaAsOj Sodium meta-arsenite I 

0.01- 






0.005M 


87 




0.0008M 


22 




0.0004M 


15 




0.0002M 


5 




O.OOOIM 


0 


NajAsOi Sodium arsenate 

0.08M 

4 

75 



















TABLE I — Continued 


S0BSTAKCE 

CONCEltTttATION 

NO. EYES 

SEVERITY 

OY 

NOTES 




BE ACTION 

A rsenicals — Continued 

NH*-C=0 

1 





1 

CHj 

1 





1 

NH Tryparsamide 

0,04M 

1 

0 


A 

0.004M 

1 

0 


\/ 




! 

HO-As-ONa 





11 

1 

1 




0 





Sodium selenite 

0.05M 

■■ 

97 



0.012M 


82 



0.003M 

H 

77 


Oxidizing Agents 

HjO, 

0.3% 

■ 

60 

Intracoraeally 


0.25% 

1 

95 

Irrigation 


0.12% 

1 

62 



0.10% 

1 

50 



0.06% 

1 

50 



0.03% 

1 

45 



0.01% 

1 

30 



0.003% 


37 



0.001% 


0 


KMnO* 

0.08M 

II 

60 

Intracomeally 


0.028M 


35 

Irrigation 


0.009M 

1 

50 



0.003M 

1 

0 



O.OOIM 

1 

0 


-H-f 





KjFe (CN). 

0.07M 

2 

5 


Ij in 3% KI 

O.IM 

1 

95 



2 

30 




1 

15 



0.005M 

1 

0 


H alone 

3% 

1 

17 



1% 

1 

0 


KIO, 

0.16M 

0.03M 

1 

2 

22 

0 

pH 5 and 
pH7.0 
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TABLE I — Coniintied 



Oxidizing Agents — Continued 
NaClOi (Perchlorate) 

NaClOi (Chlorate) 

NajCrjO? (dichromate) 

NaiCrO* (chromate) . 


Quinones and Eydroquinones 
3-Allyl-catechol 


VO EVES eeveehv 

CONCEKTEATION 

TESTED eeACTIOK 


0.08M 


0.08M 


0.08M 


0.08M 


O.OSM 

0.025M 

0.012M 

to 

0.0015M 



CHj— CH=CHj 


Dihydroxynaphthalene 


O.OSM 


Potassium - benzotriazole - hy * O.OSM 
droquinone sulfonate ' 

OH 


SOjK 


2 Methyl 1,4 naphthoquinone O.OSM 

(Vitamine K) 0.025M 

0 


0 
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TABLE 1 — Continued 


SUBSTANCE 

CONCENTRATION 

NO. EVES 
TESTED 

SEVERITY 

or 

REACTION 

NOTES 

Reducing Aget^ 

NajSjOj (thiosulfate or "hypo- 

0.08M 

2 

IS 


sulfite”) 

0.02-0.01M 

2 

2 





0.008-0.005M 

3 

5 





0.0025-0.0006M 

3 

• 2 


NaHSOj (bisulfate) 

0.08M 

1 

7 




1 

0.008M 

1 

0 


NaNOs (nitrite) 

0.08M 

1 

0 



OH 


0.08M 

1 

10 



(Pyrogallol) 

0.008M 

1 

7 









\/ 

OH 


1 



Stdfhydril-Binding Agents | 

ICHjCOOH (lodoacetate) | 

O.IM 

1 

100 





O.OOIM ■ 

1 

70 


CtHj-HgOH (Phenyl-mercuric 

O.IM 

1 

77 


hydroxide) 

O.OOIM 

1 

25 


CeH,-HgCl 

O.IM 

4 

66 





O.OIM 

1 

47 





O.OOIM 

1 

37 


COL-CH, 


O.OIM 

1 

0 

Control, does 



"'Hg 

O.OOIM 

1 

0 

not . bind 






sulfhydril • 

CeHi-CH, 





groups 

Miscellaneous Inhibiting Agents 
NaCN (cyanide) 

O.IM 

m 

46 





O.OOIM 

H 

10 


NaNj (azide) 

O.IM 


2 

pH 6 and pH 7 




O.OOIM 

B 

5 


NHr-NH 

O.IM 


0 




C=0 

O.OOIM 

■ 

0 




NHj 






(semicarbazide) 


H 
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TABLE I — Continued 


SUBSTANCE 

CONCENTRATION 

NO. EYES 
TESTED 

SEVERITY 

OF 

REACTION 

NOTES 

Miscellaneous Inhibiting Agents 
— Continued 





NHj 

0.08M 

1 

22 

Late reaction 

C=S 





NHj 





(thiourea) 





CHi— CH— CH 

O.OSM 

2 

18 


1 

O.OIM 

2 

6 


NH 

1 





1 

NHj— C=S 





(Allyl thiourea) 





NaF (Quoride) 

0.02M 

1 

25 



O.OIM 

1 

15 



0.005-0.006M 

4 

0 


Histamine 

1:10,000 

2 

0 

Moderate con- 


1:100,000 

1 

0 

junctival 


1:1,000,000 

■ 

0 

edema up to 

3 hours after 
injection 

Pontocaine 

0.5% 

H 

42 


Eserine 

0.25% 

H 

2 


Dyes 

Crystal Violet (phenylmethene 

0.5% 

■ 

57 


Rosaniline dye) 

0.06% 


70 



0.007 

1 

' 15 


Phenosafranin (azin dye) 

0.5% 

1 

67 



0.06% 

1 

70 



0.007% 

1 

0 


Acriflavinc (xanthene - acridine 
dye) 

0.1% 

0.05% 

0.01% 

2 

1 

1 


pH 7.0 or pH 
3.5 

Brom Phenol Blue (xanthene- 

0.05% 

D 

32 


sulphonphthalein dye) 
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TABLE I — Concluded 


SUSTACE 


CONCEKTIATION 


KUUBEE 
or EVES 
TESTED 


Methylene Blue (Thiazine dye) 


0.5% 

0.06% 

0.007% 


Malachite Green (phenyl- 
methane dye) 


0.05% 


Toluidine Blue (thiazine dye) 


0.5% 

0 . 1 % 

0.05% 


1 

1 

1 

1 


2 

1 

2 


Methyl Green (Rosanilin dye) 

0.05% 

Fluorescein (xanthene dye) 

0.05% 

Congo Red (Azo dye) 

0.5% 

0.06% 

0.007% 

Pyronin (xanthene dye) 

0.05% 

Thionine (thiazin dye) 

0.05% 

Rose Bengale (xanthene dye) 

0.05% 


1 

1 

1 

1 


SEVEIITY 

or 

EEACXrON 


NOTES 


35 

37 

0 


35 


28 

7 

11 

15 

6 

9 

12 
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Our use of this device has been concerned chiefly with non-protein 
nitrogen determination in trichloracetic acid extraction. For this pur- 
pose vessels and plungers were machined from a 2 inch Lucite rod. The 



Fig. 1 



procedure arbitrarily adopted for convenience in using the mechanical 
extractor consists of a ten minute extraction followed by two five 
minute washings. After using this device for several himdred samples, 
we have found it completely satisfactory’’. It might be mentioned that 



352 


J. S. TRIEDENWAXD AND S. G. MOSES 


we were surprised to find that the simple process of squeezing in this 
manner gave as good results as the squeezing plus shearing of manual 
manipulation in a mortar. 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and 
not necessarily those of the members of the 
Editorial Board of this Bulletin) 

Nursc-Palienl Relationships- in Psychiatry. By Helena Wilus Render. Ulus’ 
346 pp. $3.00. McGraw-Hill Book Company, Inc., New York, New York’ 
1947. 

Mrs. Render has made an outstandmg contribution to the field of psychiatric 
nursing. Her book is instructive and direct, yet detailed and lucid. Her sugges- 
tions come from a keen and warm understanding of the needs of patients and are 
practical and sound. She has shown the field of psychiatric nursing to be worth}' 
of the sincere efforts of a mature and understanding person, and has revealed the 
dignity, satisfaction, and challenge in this field of nursing. This is an excellent 
book and might be read with profit by both doctors and nurses. 

A. B. 

Nursing Care in Chronic Diseases. By Edith L. Marsh. IUus. 237 pp, $3,25, 
J. B. Lippincott Company, Philadelphia, Pennsylvania, 1946. 

The objective of this book, as stated in the foreword, is “to promote for the 
greatly neglected chronic invalid a high degree of enlightened care and human 
understanding.” 

The subject matter includes a review of home and hospital facilities available 
for the chronically ill and a frank, unbiased discussion of present day inadequacies 
in care. As the various chronic conditions are presented for study, one is impressed 
by Miss "Marsh’s broad sociological viewpoint and her immistakable interest in the 
patient as a sick person in need of more and better nursing care. She emphasizes 
the value of cheerful, sympathetic, humane care, and of treating each patient as a 
rehabilitation problem even though the result may be only of a temporary nature. 
Miss Marsh has made this a truly inspirational and practical book which should be 
helpful to students and faculties in schools of nursing and to the staffs of social and 
public health agencies. 

V. B. 

Professional Adjustments. By Sister Mary Isidore Lennon. 299 pp. $3.00. 
The C. T'. Moshy Company, St. Louis, Missouri, 1946. 

In this book Sister ilai}' Isidore Lennon has endeavored to set forth in simple, 
comprehensive form material which should enable the beginning student in a 
school of nursing to achieve happiness in her service of the sick, in her studies, and 
in her sodal life. She writes mth a real understanding of the difficulties confront- 
ing the ver}' young nursing student of today who, in most of our hospitals, is 
expected overnight to cast aside the carefree wa}*s of adolescence and to acquire the 
maturity which should characterize the professional woman. 
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The author writes primarily for students in Catholic hospitals and emphasizes 
the Catholic viewpoint, which limits somewhat the usefulness of the book It 
probably would not be acceptable as a text for non-Catholic students, although the 
practical suggestions offered along the lines of character development and ethical 
practice in nursing would undoubedly be of interest to lay instructors in schools of 
nursing. 

V.B. 

Retinal Structure and Colour Vision. By E. N. Wulmer. IUus. 431 pp. $ 4.59 
The Macmillan Company, New York, New York, 1947. 

Under the new assumption that the rods, comprising 95% of the visual recep- 
tors, are not blind in daylight, the author boldly discusses the possibility that rods 
and cones contribute equally to the effects of color mixture: rods giving blue-greens 
and cones red-yellow. Forced, however, by the evidence, to three variables, he 
postulates the “day-rod”, whose resultant color sensitivity is that of rhodopsin 
minus iodopsin, achieved by neural inhibition. Poliak provides a structural basis 
for this. 

Present data, at the level of bipolar and ganglion cells, insufiSciently support the 
author’s attempt to explain by this hypothesis the usual test cases of color phe- 
nomena. Consequently his quantitative discussion is quite unconvincmg. Adap- 
tation and brightness are particularly unsatisfactory. His main contribution is 
the demonstration that known neural behavior suffices qualitatively to account for 
chromatic phenomena, without postulating the xmobserved photopigments in 
cones required by current color theories. The use of recent data from Granit, 
Hartline and Poliak lends the argument a force and verisimilitude denied to E. Q. 
Adams’ more adequate theory of bipolar inhibition (1924). Willmer’s striking 
observations on the blue-blindness of the fovea are still controversial quantita- 
tively; so that the assignment of blue response to rod function, though now possible 
on grounds of retinal structure, is yet unproved. 

Excellent illustrations, several in color, lend interest to a rather technical work, 
intended for readers familiar with the complexities of color vision. 

S. A. T. 


Principles and Practice of Medicine, The. (Originally written by William Osier.) 
By Henry A. Christian. 16th ed. 1539 pp. $10.00. D. Appleton- 
Century Company, Inc., New York, New York, 1947. 

The original text of this book was written by Osier and published in 1892. 
During the past nine years, under the editorship of Henry A. Christian, it has 
undergone radical changes and modernization. There is still muA of the original 
manuscript, but one is frequently aware of the present author’s literary style. 

In this edition. Dr. James G. Carr, in a short preliminary paragraph, traces the 
history of medicine (1892-1947) as told in sixteen editions of Osier’s "Practice and 
Principles of Medicine.” It is really quite interesting to Mow the changes in the 
imporbince of various diseases, the emphasis on physiologi^l abnormality^ 
of gross and microscopic pathology, and the revolutionary change from therapeuti 
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nihilism to the profuse renaissance of present day therapeutic enthusiasm. It is 
heartening to consider the many advances in the principles and practice of medi- 
cine that these sixteen editions of Osier’s textbook record. 

In this edition, Dr. Christian genuflects very shghtly to psychosomatic medicine. 
He points out: 

“In latter years, with the enormous development of laboratory procedures and 
the increased utilization of complex techniques of examining the patient, the 
ph)’sician has found it increasingly easy to neglect the patient’s personality and 
surroundings in his management of him, with a resultant feeling on the part of the 
patient that he is missing something that is traditional of the general practitioner 
that served his forebearers. As a resultant, renewed emphasis is coming to be 
placed again on the emotional and functional aspects of disease, with an increased 
introduction into our hospitals of psychoneurologists to turn the minds of the 
students and internes toward functional disease and functional aspects of organic 
disease in an effort, as yet not too satisfactory, to rebridge a recognized dilemma in 
modem medicine with a point of view expressed in the terms. Psychosomatic 
Disease and Psychosomatic Medicine. Often this is looked upon as something 
new. Its newness, however, chiefly is in the terms now used for what the former 
generations of medical men practiced without much use of names for it” 

This edition, however, opens “with a discussion of some of the diseased condi- 
tions now recognized as essentially non-organic in nature, in the hope that from 
reading a discussion of them the student and practitioner will obtain knowledge 
toward a more satisfactory' understanding of what ordinarily is looked upon as 
purely organic disease. It is to be recognized that every patient with organic 
disease presents a functional, emotional reaction which varies with the personality, 
the economic and social relationship, and the race and heredity of the individual, 
and that his problem as a patient can be solved only by integrating his functional 
and somatic disabilities after a thorough study of both.” 

The book is up to date in its detailed description of penicillin therapy, of strep- 
tomycin therapy, of the part that sulfonamides play. One is interested to see how' 
in a book of some 1374 pages endocrine diseases are accounted for in 40 pages while 
the same space is devoted to pneumonia, and tj'phoid fever fills 30 pages. A 
feature which Dr. Christian introduced several editions ago is the “References” 
at tlie end of cadi chapter. In the references arc usually one or two of the early 
classic papers and a few of the outstanding recent ones. This allows the student 
to pursue any subject further. 

Some of us who became verj’ well acquainted with tropical diseases may regret 
that Dr. Christian has not made more of an effort to bring these subjects up to date. 
Ilowci'cr, one must confess that we see very few of these diseases that our armies 
have brought back witli them from the tropics. 

This is an cxcdlent book. Dr. Christian has performed a brilliant task, and 
those of us with a sentimental feeling for the old Osier “Te.xtbook” owe him a debt 
of gratitude. 


H. T., Jr. 
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Keefer (1) states that in the treatment of infections in man with 
streptomycin it is necessary to give intramuscular injections every 
3^ hours. Paine, Murray and Finland (2) conclude that 1.0 g. of 
streptomycin every six hours is adequate for most infections. There 
is no experimental evidence to indicate that such frequent administra- 
tion is essential for the optimal antibacterial efficiency of streptomycin. 
In several different infections in mice, it has been possible to obtain a 
high survival rate with a single intramuscular dose (3, 4, 5), or with 
two doses (6) of streptomycin. Single doses of 0.3 g. of streptomycin 
have been shown to cure gonorrheal urethritis (7). 

Schedules of frequent administration of streptomycin in patients 
have been based possibly on analogy with the sulfonamides, with 
which drugs it is essential to maintain a blood concentration in. order 
to obtain optimum effectiveness (8). It has recently been found (9) 
that aqueous penicillin G, in the treatment of hemolytic streptococcus 
infections in mice, is not demonstrably different in effectiveness 
whether given at twenty-four hour intervals or at one hour intervals. 
In other words, the antibacterial effect of penicillin G outlasts its 
presence in the mouse by inany hours. Similar experiments were 
therefore undertaken to study the comparative effectiveness of strep- 
tomycin when administered at frequent and infrequent intervals to 
mice with a K. pneumoniae infection. The recent development of a 
chemical method (10) for streptomycin determination afforded an 
opportunity for a parallel study of the rate of disappearance of strep- 
tomycin from the blood of the same strain of mice. 

1 This investigation has been aided by a grant from the U. S. Public Health 
Service. 

“ Roche Fellow in Medicine and Experimental Therapeutics. 
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METHODS AND MATERIALS 

1. Mice. The mice used in these experiments were albino mice of 
the Swiss strain, of uniform stock, from Tumblebrook Farm. The 
mice used in the infections weighed from 13-17 g., and those used in 
the plasma concentration studies weighed 18-21 g. For the infections 

TABLE 1 

Comparative therapeutic efficiency of streptomycin given intramuscularly in single and, 
multiple doses to mice infected with K. pneumoniae 

Mice; Tumblebrook Farm, albino, Swiss Strain, 13-17 g. 

Organism: K. pneumoniae. Type B, Strain BE. 

Infection: 0.5 ml. of 10"® dilution of a 5 hour subculture, containing 7000 organisms. 

Treatment: Streptomycin sulfate, intramuscularly, four hours after infection. 
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STKEPTOMYCm BA5E 
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4* 
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18/20 
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3/20 
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1/20 
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0/20 

5/20 

0/20 ' 

0/20 

1 

i 

SD50 mg./k. 


0/30 

0/30 

22.0 

15.4 

8.3 

0/20 

0/20 

9.5 

11.0 

Standard Error rb mg./k. 


4.8 

2.1 

2.4 

0.8 

1.3 


* j the total dose given in first dose, remainder in iri fractions, 
t Three equal doses. 


three separate experiments were run, and, since the results were highly 
reproducible, they have been pooled (Table 1). The first experiment 
was a small one, designed to determine the dosage range for subse- 
quent study. Groups of ten mice were infected and treated as an 
experimental unit, each unit receiving a single dose of streptomycin. 
In the second and third experiments twenty mice were used as a 
treatment unit for each variation in either the amount or tuning ol 
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streptomycin dosage. In the second experiment a single dose was 
compared to three doses at eight hour intervals, at eight difierent 
dosage levels. In the third experiment, schedules 3, 4, and 6 (Table 1) 
were compared to three doses at eight hour intervals. In each experi- 
ment the first and last groups of mice infected were held as untreated 
controls. 

2. Klebsiella Pneumoniae Infection. The mice were infected with 
K. pneumoniae, Type B, Strain BE. Stock cultures were grown in 
trypticase-soy-phosphate rabbit blood broth, and were kept at 6°C. 
Virulence was maintained by frequent mouse passage. Virulence 
studies showed that 700 organisms (0.5 ml. of a 10~® dilution) injected 
intraperitoneally killed all but an occasional mouse. Ten to a hundred 
organisms killed about half the mice. For the experimental work, 
mice were injected intraperitoneally with 0.5 ml. of a 10~^ dilution of a 
five hour blood broth culture. This inoculum averaged 7000 organ- 
isms and kUled all untreated control mice. Deaths of 85 per cent of 
the controls occurred in 10-24 hours. The remainder died in 2-10 
days. Cultures of heart bood from the two controls dying on the 
7th and 10th days, respectively, yielded K. pneumoniae. Similar 
cultures of one-third of the treated mice dying after day 10 were made 
and also grew out K. pneumoniae. 

3. Streptomycin. A single lot (Pfizer-P47l8) of amorphous strep- 
tomycin sulfate was used for both the treatment and plasma concen- 
tration studies. Chemical assay by the method of Marshall, Blan- 
chard and Buhle (10) showed that 77 per cent of this material was 
streptomycin base. Ninety-five per cent of the base was strep- 
tomycin A, as shown by counter-current distribution studies (11). 
Dosage was calculated in terms of streptomycin base per kilogram of 
mouse. Injections were made intramuscularly in 0.2 ml. volume, 
four hours after infection. Only those mice still alive 21 days after 
the end of treatment were counted as survivors. 

At any given dosage level, the mice in the different dosage schedules 
received the same total dose of streptomycin base. 

4. Plasma Concentration of Streptomycin in Mice. A large munber 
of mice were injected intramuscularly with 50 mg./k. of streptomycin 
sulfate in saline solution containing 5 mg. of the base per ml. Groups 
of mice were bled at 15, 30, 60 and 120 minutes after injection, 0.25 ml. 
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of whole blood being obtained from each mouse by cardiac puncture. 
If less than 0.25 ml. was obtained, the sample was discarded and the 
next mouse bled. Blood from ten or more mice for each time interval 
was pooled in a centrifuge tube containing one drop of 30 per cent 
sodium oxalate per 3.0 ml. of whole blood. The tube was centrifuged 



DOSE or STFEPTOMYCIN MG./ K. 

Fig. 1. Effect of intramuscular streptomycin upon survival rate of mice infected 
mth K. pneumoniae (data taken from Table 1.) 

• • single doses. 

O O 3 equal doses given at 8 hour intervals. 

X X 6 equal doses given at 4 hour inter\'als. 

□ □ 3 doses at 8 hour intervals, given in l-j-j fractions. 

immediately, the plasma pipetted oS, and the concentration of strep- 
tomycin determined by the method of Marshall, Blanchard and 
Buhle (10). 

RESULTS 

The results of the three experiments with K. pneumoniae infections 
are pooled in Table 1. The method of Litchfield and Fertig (12) has 
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In Figure 2 is shown the eSect of a single dose of 1 mg./k. of strep^ 
in survival of the mice. This is compared 

toXtfect of the same total dose split into three fractions pven at 
dgW hour intervals. It can be seen that even though aU the mice 
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hour intervals (Table 1 and Figure 1). If the dnlg is given once 
every 24 hours for three doses, slightly larger amounts are required 
for the SD50. It is interesting to note in Figure 1 that dosage schedule 
4 (three doses at eight hour intervals, with one-half the total amount 
given in the first dose) gives a dosage response curve intermediate in 
position between the single and other multiple dose curves. The 
“priming” dose given in the beginning apparently carries with it 
some of the characteristics of a single dose. 

3. Plasma Concentration of Streptomycin in Mice after Intramuscular 
Administration. These are shown in Figure 3, together with the 
plasma concentrations obtained in man after a single intramuscular 
dose. Despite the fact that the mice, on a weight basis, received 
two and one-half times the quantity of drug given to man, plasma 
concentrations of above 0:5 mg. per cent are maintained in the mice 
for one-fourth as long as in man. 

DISCUSSION 

The dosage schedule (six doses at intervals of four hours), which 
most nearly approximates a constant plasma concentration in mice, 
is not significantly better than schedules of less frequency (three 
doses at eight hour intervals), and is only slightly superior to three 
doses at 24 hour intervals. Many other dosage schedules, particularly 
those involving more frequent administration, require testing before 
selection can be made of the maximally eflBcient therapeutic regimen 
for streptomycin. Nevertheless, from the data available, it is ap- 
parent that frequent dosage is not essential for the efficient utilization 
of streptomycin in K. pneumoniae infections in mice. In this respect, 
streptomycin resembles penicillins G and K (9) rather than the sul- 
fonamides (8). 

The comparative plasma concentration of streptomycin, after single 
intramuscular doses in mouse and man, indicates that the entire 
cycle of absorption of streptomycin from muscle, and disappearance 
from the plasma, is much more rapid in the mouse — two hours of 
equivalent plasma concentration in the mouse corresponding to about 
eight hours or more in man. 

These facts and conclusions about the antibacterial effect of strep- 
tomycin in K. pneumoniae infections in mice are not necessarily 
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transferrable to the treatment of human infections. However, these 
experiments indicate that it is probably imnecessary to administer 
streptomycin to man in such a fashion as to maintain constant plasma 
concentrations. On that basis alone, because of less pam and more 
rest for the patient, schedules of less frequent administration are 
worthy of trial in human infections. When, in addition, one con- 
siders that a constant plasma concentration of streptomycin has been 
associated with the rapid emergence of resistant organisms, and with 
considerable human toxicity, further need for such trial becomes 
apparent. It is important to point out that trials of infrequent 
administration of streptomycin should be undertaken in carefully 
selected cases and under close observation. Specific suggestions for 
dosage regimens in streptomycin-susceptible infections in man cannot 
be extensive as each case presents its own problem. However, it 
.seems justifiable to proceed with a dose of 1. 0-2.0 g. intramuscularly 
every 12 or 24 hours, in acute infections, until the temperature is nor- 
mal. In fulminating infections, it is probable that small fractions of 
streptomycin given at frequent intervals may fail to control the large 
bacterial population. Hence it is suggested that a “priming” dose of 
2.0 g. be given such patients as soon as possible. Larger single doses 
should not be given unless it can be shown that toxicity is a function 
of long continued constant plasma concentration, rather than of peak 
concentrations. 

SUMMARY 

1. In the treatment of mice with K. pneumoniae peritonitis with 
intramuscular streptomycin, there is no significant difference in results 
between schedules of administration at four hour intervals or at eight 
hour intervals. 

2. When single doses of streptomycin were used, large increments m 
dosage gave only small changes in survival percentages of the mice. 

3. Mouse plasma streptomycin concentrations remained above 0.5 
mg. per cent for two hours after a single intramuscular dose of SO 
mg./k. In man, after a single dose of 20 mg./k. plasma concentration 

remained above 0.5 mg. per cent for seven hours. 

4. The implications of these experimental findings in the treatment 
of streptomycin-susceptible infections in man have been discusse . 
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STUDIES ON SCHISTOSOMIASIS JAPONICA 
IN THE PHILIPPINE ISLANDS 

3. A Cliotcal Study of 72 Cases Treated with Tartar Emetic 
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The epidemic of Schistosomiasis japonica which occurred on Leyte 
Philippine Islands, started in November 1944, reached its peak in 
January and died out in May of 1945. Billings, Winkenwerder and 
Hunninen (1) reported on the signs and symptoms of the acute stage. 
A second report by Winkenwerder et al (2) is an analysis of the effect 
of treatment with 40 cc. of Fuadin. The present report concerns 72 
patients treated with tartar emetic, 32 of whom were followed into the 
seventh month of their illness. The use of tartar emetic in such a 
large group of acute cases of schistosomiasis has not been previously 
reported. 


material and methods 

1. Onset, diagnosis and' incubation period: All the patients in the 
present series had the onset of the acute symptoms in late January or 
early February of 1945. The diagnosis was made in all cases by the 
finding of mature ova of Schistosoma japonicum in the stool specimen. 
All patients were American soldiers not previously exposed to this dis- 
ease. The average incubation period for 68 cases was 50.2 days. 

2. Severity of symptoms: The incidence of acute symptoms and the 
physical findings parallel those reported by Billings, Wmkenwerder 
and Hunninen. Five cases were severe, 31 moderately severe, 32 
mild, and 4 were asymptomatic. The last group was discovered on 
routine stool examination. 

3. Treatment: 1.89 gm. of tartar emetic was used in the treatment 
of this series. A solution of 0.4 gm. tartar emetic per 100 cc. of 5 per 
cent dextrose-physiological saline was made up under sterUe condi- 
tions. The solution was never heated and was used within three hours 
of mixing. It was given intravenously every other day for eight- 

* Capt., M.C., AUS. 

t Capt., Sn.C., AUS. 
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een doses. The first dose was 0.020 gm. of tartar emetic or 5 cc. of 
the solution. The second dose was 0.040 gm., the third dose 0.060 gm., 
the fourth 0.090 gm., and thereafter all doses were 0.120 gm. or 30 cc. of 
the solution. In the first four doses the solution was diluted with 5 
per cent dextrose-physiological saline to make 30 cc. of liquid injected. 
It was given over a period of about ten minutes into the antecubital 
vein in a 30 cc. syringe. 

3a. Treatment reactions: Chart number one shows that there 
were a great many minor reactions to treatment and four severe re- 
actions necessitating discontinuance of the tartar emetic. The cough, 
nausea and vomiting were acute symptoms starting while the tartar 
emetic was being injected. The stiffness of the joints came on later 
and became worse gradually as more of the drug was given. The 
cough was prevented or decreased in many cases by giving 0.0006 gm. 
of atropine orally one half hour before injection. 

3b. Retreatmenl with 40 cc. of Fiiadin: Of the 72 patients who com- 
pleted the course of tartar emetic, 32 were retreated with 40 cc. of 
Fuadin one month after the tartar emetic course was finished. These 
patients were retreated because degenerated eggs were found in their 
stools in the third and fourth week after tartar emetic treatment. 
None of these patients had immature eggs. Because the significance 
of degenerated eggs was not knoivn, retreatment was thought to be 
indicated. The Fuadin was given in eight consecutive daily doses of 
5 cc. by the intramuscular route. 

RESULTS 

All patients were discharged to duty after hospitalizations ranging 
from one to four months. Thirty-two were available for study 
throughout the first seven months of their illness. Of these 14 had 
been retreated with 40 cc. of Fuadin. Subjectively few of the dis- 
charged patients felt perfectly well, although all carried on light duty. 
Complaints such as headache, nervousness, lassitude, and weakness 
were common. Many of these S3Tnptoms were thought to be on a 
functional basis, arising in a situation of uncertainty about the future, 
associated with changes in disposition policy and long hospitaliza- 
tions (3). 

1. Clinical observations during the first serven months: There was no 
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striking improYement with the institution of tartar emetic theranv 

t weighed m the seventh month of their illness, 35 per 

cent had lost weight since the onset of the illness. ^ 


CHART 1 


Reactions to tartar emetic treatment {in 72 patients) 


DOSE 

COUGH 

nausea 

VOMITING 

STIFFNESS 

miscellaneous 

1 

1 

3 

0 

0 


2 

1 

3 

1 

0 


3 

3 

4 

1 

0 


4 

11 


2 

1 


5 

20 


0 

2 

Purpura* 

6 

16 


0 

2 

7 

13 


2 

2 

Substernal pain* 

8 

IS 


3 

4 

9 

14 


1 

5 

Vascular collapse* 

10 

16 


2 

5 

11 

IS 


1 

6 


12 

17 


4 

7 


13 

15 


6 

11 


14 

16 

4 

0 

19 


15 

15 

10 

3 

20 


16 

16 

■■ 

3 

28 


17 

17 


4 

39 

Cough, diarrhea, vomiting* 

18 

13 

m 

5 

38 



* Severe reactions necessitating discontinuance of tartar emetic. 


CHART 2 

Change in physical findings with time 



1 

2 

3 

General glandular enlargement 

33* 

35 

6 

r'nrviVnl jrlfluHnlnr nnlarjTf»mftnt. 

31 

19 

13 

Pnlpnhlp. livpr 

29 

24 

11 

Pnlpnhlp Rpippn . . 

28 

7 

3 





Tntnl 

72 

70 

62 






* All figures except those in the lowest horizontal line are in percentages. 


General glandular enlargement was not appreciable after the third 
month of the illness (chart number two). Cervical glandular enlarge- 
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ment persisted slightly longer than general glandular enlargement. 
Chart number two shows the hepatic and splenic indices in the first, 
second, third and seventh months. 

2. Laboratory obsenjations during the first seven months: Chart 
number three shows that the leucocyte count approached normal as 
time passed. Retreatment with Fuadin did not significantly in- 
fluence the average leucocyte count as compared with the unretreated 
group. The absolute eosinophile count also approached normal as 
time passed, as is shown in chart number four. 


CHART 3 

Fall in leucocytes unth lime 



All figures are in percentages c-Ttcept the column of the left and the lowest line. 

• Two leucocyte counts were above 35.0 thousand. One was 54.9 and the other 45.9 
thousand. 

1 30+ represents all leucocyte levels between 30.0 thousand and the figure directly 
above it, in this case 35.0 thousand. 

Twenty-sLx patients had hematocrits performed and 29 had sedi- 
mentation rates done in the seventh month, and all were normal. 

Stool examinations were done twice weekly following treatment un- 
til the seventh month of the iUness (fifth month post tartar emetic 
treatment). As time went on, patients were lost through rotation and 
troop movements. In the seventh month, all patients who could be 
reached were hospitalized and examined completely. There were 32 
patients followed into the seventh month. Two patients showed 
mature eggs of Schistosoma japonicum in the sixteenth week post 
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CHART 4 


Fall in eosinopUles with time 


ABSOLUTE EOS. LEVEL 

ONSET 

MONTH 

1 

2 

3 

4 

7 

thousands 







16+ 

6.6* 






15+t 

3.2 

1.5 





14+ 

0.0 

0.0 





13+ 

1.6 

0.0 





12+ 

8.2 

1.5 





11 + 

4.4 

0.0 





10+ 

6.6 

3.0 

1 




9+ 

4.9 

1.5 





8+ 

4.9 

7.9 





7+ 

6.6 

3.0 





6+ 

4.9 

4.7 

3.0 


1.7 


5+ 

19.6 

6.3 

3.0 


0.0 


4+ 

6.6 

9.5 

7.5 


0.0 


3+ 

6.6 

27.0 

0.0 


1.7 


2+ 

3.3 

12.6 

7.5 


1.7 

3.2 

1 + 

3.3 

9.5 

37.9 

27.3 

25.4 

9.7 

0.2+ 

4.9 

7.9 

30.3 

41.8 

44.1 

38.7 

0.0+ (normal) 

3.3 

3.0 

10.6 

30.9 

25.4 

48.4 

Total cases 

61 

63 

n 

55 

59 

31 


All figures are in percentages except the left column and the lowest line. 

* Four absolute eosinophile counts were above 16.0 thousand. They were 45.9, 25.8, 
21.8 and 18.0 thousand. 

1 15+ represents all eosinophile levels between 15.0 thousand and the figure directly 
above it, in this case 16.0 thousand. 


CHART 5 

Incidence of positive stools for mature ova of schistosoma japonicum in the months following 
treatment with tartar emetic {includes cases treated with Fuadin) 


MONTHS POST TASTAE EMETIC lEEATMENT 



0 

1 

2 

3 

4 

s 

Number of cases show- 
ing mature ova of 
Scliistosoma japon- 
icum 

72 

0 

0 

0 

2 

2 

Total cases 

72 

71 

71 

42 

25 . 

32 
























SmiSTOSOMLASIS JAPONICA IN PHILIPPINES 


371 


tartar emetic treatment and 2 others in the seventeenth week (chart 
nunber five). Of these 4, 3 had been retreated with 40 cc. of Fuadin. 
Only one of this group had changes on sigmoidoscopy. 

3. Sigmoidoscopy: All 32 patients available in the seventh month 
of the illness (fifth month post tartar emetic treatment) were sigmoid- 
oscoped. Of these, 8 showed nodules in the rectum or sigmoid of the 
type described by Johnson and Berry (4). Only one of these had a 
positive stool. Four had been retreated ndth 40 cc. of Fuadin. All 
patients with positive stools or nodules in the lower intestine were con- 
sidered to have recurrences and were retreated with 60 cc. of Fuadin 
in 5 cc. daily doses intramuscularly without any reactions. 

DISCUSSION 

An analysis of tlie cases having recurrences, as determined by either 
a stool or sigmoidoscopic examination in the seventh month, was made 
with regard to severity at onset, leucocytosis and eosmophilia at onset 
and in the seventh month, as well as the number retreated with 40 cc. 
of Fuadin. There was no significant difference between the cases 
which recurred and those which did not in regard to the original leuco- 
cytosis and eosmophilia or for these values at the end of seven months. 
Retreatment with Fuadin had no effect on preventing recurrences. 
None of the asymptomatic cases recurred. Otherwise, the clinical 
severity of the disease at onset did not influence the recurrence rate. 

It was our impression that the patients treated with tartar emetic 
had fewer recurrences than a comparable group (1, 2) treated with 
Fuadin alone in the same hospital. 

SUMMARY 

Seventy-two cases of acute Schistosomiasis japonica were treated with 
intravenous tartar emetic. Thirty-two cases showing degenerated eggs 
in the third and fourth week after the tartar emetic course was finished 
were retreated with 40 cc. of Fuadin. Of the whole group, 32 were 
followed into tlie seventh month of their illness (five months post tartar 
emetic treatment). Findings on physical examination, on the leuco- 
c\'tc and eosinophile counts, as well as on stool examination, arepresent 
in chart form for the first seven months of the illness. 
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BEESWAX IN PEDIATRIC PRACTICE 
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From the Harriet Lane Home of the Johns Hopkins Hospital and the Department of 
Pediatrics, Johns Hopkins University School of Medicine 

Received for publication August S, 1947 

Most of the reports concerned with the clinical application of 
penicillin suspended in peanut oil and beeswax (hereafter to be desig- 
nated as P.O.B.) have dealt with its use in adults, particularly as a 
therapeutic weapon in gonorrhea and syphilis. Various authors 
(1, 2, 3) have clearly shown that uncomplicated gonococcal urethritis 
can be treated successfully with a single injection of P.O.B. Roman- 
sky (4), in a comprehensive review of 600 cases of various pyogenic 
infections treated with calcium penicillin in oil and beeswax, concluded 
that the results obtained were as satisfactory as with those treated 
by multiple injections of aqueous penicillin. There were forty-two 
cases of pneumococcal pneumonia included in his series, ten of which 
were in children under sixteen years of age. The results were ap- 
parently good inasmuch as only four of the patients required more 
than four days of treatment to clear the infection. 

If one is able to maintain a satisfactory therapeutic level of penicillin ' 
for twenty to twenty-four hours by this method of injection, its 
clinical application in Pediatrics at once becomes apparent. As is 
well known, in children the associated s>Tnptoms of vomiting and 
failure to take fluids with almost all pyogenic infections sometimes 
make sulfonamide administration difficult. For this reason, many 
children have to be hospitalised for the sole purpose of aqueous penicil- 
lin therapy. The economic and therapeutic value of being able to 
treat these children at home with single daily injections of P.O.B. is 
quite obvious. With these objectives in mind a clinical study of 
P.O.B. was carried out in an active pediatric dispensar}^ 

ilETHOD OF STUDY 

Between Januar}- 1, 1947, and April 15, 1947, one hundred con- 
secutive cases of pneumonia were treated with P.O.B. These patients 
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were completely studied with cultures, X-rays, and penicillin blood 
assays. In addition to the pneumonia group several other disease 
entities were treated with P.O.B., but without bacteriological studies. 
In these, only clinical impressions are available and will be discussed 
briefly later. 

For the most part, these children were treated as ambulatory 
patients, necessitating daily visits to the clinic for their P.O.B. injec- 
tions and follow-up care. Hospitalization was carried out only in the 
cases of severe pneumonia in which the treatment had to be supple- 
mented with appropriate measures to correct associated dehydration, 
heart failure, cyanosis or severe anemia. Seven such children were 
hospitalized and received P.O.B. In addition, three of the patients 
on whom treatment with P.O.B. was unsuccessful were also hos- 
pitalized for sulfadiazine therapy. 

The diagnosis of pneumonia was based on definite positive physical 
findings or X-ray evidence of pneumonic infiltration, or both. Once 
the diagnosis of pneumonia was made, nasopharyngeal and throat 
cultures were taken. 

Throughout the study crystalline sodium penicillin suspended in 
peanut oil with 4.8 per cent (w/v) bleached beeswax was used. This 
was supplied in ten cubic centimeter vials containing 300,000 units 
per cubic centimenterb All patients received 5,000 units per pound 
at each injection. 

The technique of withdrawing the P.O.B. from the vial and injecting 
the contents intramuscularly with the use of 20-gauge needles and 
dry sterilized Luer-Lok syringe was that advocated by Romansky (4). 
However, for the most part, the P.O.B. was not allowed to cool to 
room temperature prior to injection. We found that when giving 
relatively small doses to infants, the use of tuberculin syringes facili- 
tated calibrating the amount given, with reasonable accuracy. AH 
the injections were given intramuscularly, deep into the gluteal group 
of muscles. Subcutaneous administration was not used. 

Treatment was carried out with the use of single daily injections 
until such time that the patient’s clinical response was adequate and 
the temperature had returned to normal. Two further daily injections 
were then given and the child’s course followed for one more wee '. 

1 The P.O.B. was kindly furnished by E. R. Squibb and Sons. 
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On the child’s second visit to the dispensary, which was usually 
eighteen to twenty-four hours after the initial injection of P.O.B., 
blood was drawn for penicillin assay. Except for patients who were 
hospitalized, only a single penicillin assay was made on each child. 
With those children who were admitted to the hospital, two or three 
assays were obtained within a twenty-four hour period. 

Most of the patients had chest X-rays taken on the first day of 
treatment. Thereafter, they were followed fluoroscopically and the 
X-rays w’ere repeated in seven to ten days time on only those patients 
in which the response was either slow or a failure. 

The final part of the study was carried out in an attempt to demon- 
strate any sensitivity that these patients may have developed to any 
of the constitutent parts of the penicillin in oil and beeswax mixture. 
These results will be discussed in detail in a subsequent section. 

THE PNEUMONIA SERIES 

There were sixty-four males and thirty-six females in this group of 
100 patients. Eighty-six were negroes and fourteen were white. 
Their ages ranged between two months and eleven years with fifty- 
seven of the children under two years of age, thirty-two of these being 
under twelve months. The remaining forty-three were in the age 
group between two and eleven years. Thus, a good proportion of the 
cases in our series were in the age group under two years, a group in 
which the mortality rate prior to the chemotherapeutic era ranged 
between twenty and thirty-five per cent. 

Type of Pneumonia: For the purposes of clinical classification we 
have designated all cases with localized homogeneous consolidations 
as lobar pneumonia, while those with scattered patchy diffuse infiltra- 
tions were classified as bronchopneumonia. Under this rather broad 
classification the following tjqies of pneumonia were observed: 



tsoNoiorNxuvojn \ 

LOBAK P^XUK0^*1A 

Under iwo venrs of acc 

24 

33 

32 

Over two vears of ace 

11 


Total 

35 

65 
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Etiological Agents: Hodes et al (5) have pointed out that in cases of 
pneumonia the pneumococci obtained from the nasopharynx were 
almost always of the same t 3 ^e as that recovered from the blood 
stream, empyema fluid, middle ear or cerebrospinal fluid of the same 
patient. They concluded that the pnemnococci isolated from the 
nasopharynx were etiologically more significant than those recovered 
from the throat. 

Results of our cultures for pathogenic organisms, the great majority 
of which were recovered from the nasopharynx, are tabulated below. 


>Pneumococci present in 78% of the cases 


Pneumococcus type 4 4.) 

Pneumococcus type 6 14. 

Pneumococcus type 14 19. 

Pneumococcus type 19 9. 

Pneumococcus type 23 5. 

All other types 27. 

beta hemolytic Streptococcus alone 5 

beta hemolytic Streptococcus with pneumococcus 14 

hemolytic Staphylococcus aureus S 

jff. influenzae B with pneumococcus 2 

E. influenzae (negative quelling types A and B) with pneumococcus 7 

Negative cultures 6. 

Unsatisfactory cultures 6. 


12% 


Clinical Results: The clinical results of treatment were classified as 
either good, poor, or as failures. 

A good result entailed an adequate response, with complete sub- 
sidence of the pneumonic infiltration along with clinical improvement 
in a reasonable length of time, with the only chemotherapeutic agent 
being P.O.B. Further subdivision of the good results into rapid and 
slow responses seemed of value. The response was considered rapid 
when the patient attained a normal temperature within forty-eight 
hours and was relatively asymptomatic within four days. All other 
patients who attained an ultimate good result, clearly influenced by 
the chemotherapy, but in a longer time, were considered to have a 
slow response. 

Classified as poor results are those patients in whom there appeared 
to be an inadequate response to P.O.B. in the length of time that was 
required to bring the infection under control, or in which some com- 
plication, such as otitis media, developed while the P.O.B. was being 
given. Cases were classified as failures when sulfadiazine or aqueous 
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penicillin had to be given after the P.O.B. had failed to bring the 
pneumonia under control, or in which there was an exacerbation of the 
pneumonia. 

As is indicated in Table I, 92% of the children had a good result 
with eighty-one responding in a rapid fashion and eleven slowly. 
There were four poor results and four patients that w^ere classed as 
failures. There were no deaths in the entire group. In 96 cases, 
excluding the four failures, the .temperature dropped to normal and 
remained there within an average of twenty-seven hours, with a range 
between twelve and one hundred and twenty hours. 

This group of 100 patients received a total of 447 injections of P.O.B. , 
averaging 4.5 injections per patient with a range of from two to nine 
injections. 


TABLE I 


RESULTS IN PNECMONIA 

GSOUP 

Good 

92 

Rapid 

81 

Slow 

11 


4 

Failure 

4 



Total 

100 



Poor Responses to Treatment: Of the four patients for whom the 
results of treatment were considered to have been poor, aU had rapid 
clearing of the original pneumonia. Nevertheless, these were con- 
sidered to have shown a poor response because they developed otitis 
media under treatment. In two of these cases the organism was the 
same as that considered responsible for the pneumonia. In the third 
the otitis was due to H. influenzae B. All of these complications 
cleared slowly on sulfadiazine therapy. The fourth child had chroni- 
cally infected adenoids with recurrent upper respiratory tract infec- 
tions. 

Failures: In four of the cases the treatment was considered as 
having failed for the following reasons. The first patient maintained 
fever and signs of consolidation after six days of treatment, but 
recovered rapidly under sulfadiazine therapy. His nasophar 3 mgeal 
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cultures yielded type 15 pneumococci, H. influenzae and Staphylo- 
coccus aureus. ^ 

The second patient had pneumonia with severe dyspnea and cardiac 
failure. Although his temperature reached normal within twenty- 
four hours, signs of consolidation persisted at the left base throughout 
seven days of P.O.B. therapy. Cultures yielded type 14 pneumo- 
coccus and beta hemolytic Streptococcus. Nine days after therapy 
was discontinued, he developed fever and X-ray evidence of interlobar 
fluid. F oUowing no response to aqueous penicillm he recovered under 
sulfadiazine therapy. 

The third case was complicated by a nutritional anemia and chronic 
upper respirator}'- tract infection. Type 6 pneumococci and beta 
hemolytic Streptococci were recovered from nasopharyngeal culture. 
Because of only gradual improvement during six days of P.O.B. 
therapy, he was hospitalized and improved rapidly following blood 
transfusions and aqueous penicillin therapy. 

The fourth patient was a mentally retarded twm and a half year old 
child with pneumonia (pneumococcus type 14). His temperature fell 
to normal within thirty-six hours and he was s 3 miptom-free in three 
days except for continued nasal discharge. He was treated for four 
days but, three days after discontinuance of P.O.B., developed fever, 
increased nasal discharge and rales throughout the lungs. He had a 
good response to a second course of three daily injections of P.O.B. 

In each of the above cases there was some complicating factor on 
which the apparent failure of treatment might well be explained. It is 
deemed wisest, however, to consider that the treatment failed to 
accomplish the desired result in these patients. 

Complications: Non-suppurative catarrhal otitis media occurred as a 
complication in seven of the 100 cases of pneumonia. Six of these 
were present at the time of the first visit and the other appeared on the 
fifth day of treatment. 

Suppurative otitis media was seen in seven of the patients. Four of 
these were present on admission, while the remaining three developed 
on the third, fourth and fourteenth days respectively. In general, 
it was found that w'hen otitis media complicated the pneumonia, the 
treatment with P.O.B. had to be continued for two to three days 
longer than when this complication was absent. As was shown m 
three of the poor results, sulfadiazine had to be added to the erapy 
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in order to clear up the otitis media, although the pneumonia re- 
sponded well to P.O.B. 

Atelectasis of a single lobe of the lung occurred definitely in two 
patients and was questionably present in two others. Neither of the 
two definite atelectases, one in the right upper lobe and the other in the 
right middle lobe, required bronchoscopy. Both cleared spontane- 
ously in five to eight days time. The two questionable atelectases, 
both of the right middle lobe, also cleared spontaneously. 

TABLE II 


Infections Treated with P.O.B. 


DISEASE 


EESUI.TS 


Good 

Poor 

Failure 

1. Suppurative otitis media 

17 

0 

1 

2. Suppurative otitis media Sul- 
fadiazine resistant 

9 

0 

0 

3. Severe Pharjmgitis 

10 

1 

0 

4. Severe Pharyngitis and otitis 
media 

7 

2 

0 

S. Ulcerative Stomatitis 

14 

2 

0 

6. Furunculosis 

2 

1 

0 

7. Cellulitis 

4 

0 

0 

8. Suppurative Adenitis 

4 

0 

0 

9. Peritonsillitis 

2 

0 

0 

10. Conjunctivitis — Non-specific. . . 

2 

0 

0 

11. Gonorrheal Vaginitis Sulfadi- 
azine Resistant 

2 

0 

0 

Total 

73 

6 

1 


The fairly definite interlobar empyema that came on while the 
patient was being treated with P.O.B. has already been discussed as 
one of the failures. There were no cases of meningitis complicating 
the pneumonias. 


OTHER INFECTIONS TREATED 

Several other types of infections were also treated with P.O.B., but 
inasmuch as the bacteriologic workup was incomplete, only clinical 
impressions are available. There was a total of eighty such infections 
treated, the results of which are tabulated in Table II. 
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The results, in general, were quite satisfactory, particularly in regard 
to the twenty-sven cases of suppurative otitis media, nine of which had 
failed to respond to sulfadiazine therapy. With only one exception 
the aural discharge stopped within two to three days after the institu- 
tion of P.O.B. therapy and the tympanic membranes healed rapidly. 
Four to five days of P.O.B. injections were sufldcient to bring about 
these results. 

P.O.B. significantly reduced the duration of symptoms in ulcerative 
stomatitis. Within twenty-four to forty-eight hours after the first 
injection these children showed marked improvement. Three daily 
injections were usually all that was necessary. 

PENICILLIN ASSAYS 

The serum assay method used was that originally described by 
Rammelkamp (6), with modifications according to Eagle (7, 8). 

Graph I illustrates the composite picture of the 153 penicUlm assays 
that were determined. One can see the tremendous variation in the 
levels that were present at any given hour. So great was the vari- 
ability of these levels that we were unable to plot a mean curve which 
would be of any value. Of the seventy-one assays obtained in the 
period twenty-two to twenty-four hours after the injection of P.O.B., 
18% showed no detectable titre (less than 0.03 units per cc.). 

There are several possible factors that may be responsible for the 
great variability in absorption rate of penicillin when this agent is 
suspended in peanut oil and beeswax. First of aU two different lots of 
P.O.B. were used throughout the study. In the latter half, the levels 
were much more consistent than during the time the first lot was used. 
The reasons for this discrepancy are not clear. 

Secondly, Romansky (9) has shown that the rate of penicillin 
absorption is greatly dependent on the degree of muscular activity. 
If the P.O.B. is given in the late afternoon he has found that, with the 
decrease in muscular activity during the sleeping hours, there is a 
slower absorption of the penicillin during the first twelve hours. 
This then leaves a greater quantity of penicillin to be absorbed dunng 
the second twelve hour period, and consequently higher leve s are 
obtained in the last four to six hours. Some of the variabifity in our 
patients’ levels might weU be accounted for along this line of reasoning, 
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for the injections were given at all hours during the day, the majority 
of them in the morning. 

The factor of muscular activity and its consequent effect on the rate 
of absorption probably plays a more important role in children than in 
adults. It is difficult to keep a moderately ill child at low activity 



HOURS AFTER INJECTION 
Graph I 


even in bed, although with seriously ill children activity is usually at a 
minimum. Therefore, it is reasonable to assume that there would be 
great variation in the absorption curves. 

We must therefore draw the conclusion that it is impossible to be 
certain how long any given patient will have a titratable penicillin 
level following an injection of P.O.B. 

REACTIONS TO P.O.B. 

Romansky (4) in summarizing the use of P.O.B. on nearly 4,000 
cases receiving 60,000 injections found only two instances of sterile 
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On return to the clinic the following day their temperatures were 
again recorded and they were examined for any sensitivity reaction. 
The visiting nurse services went into the homes twice during the 
three days of observation so that any of the allergic reactions would 
not be missed. 

In this group of thirty-five children there was only one questionable 
allergic reaction. This was in a child of two years of age, who had a 
history of periodic attacks of urticaria. He had been treated for 
otitis media with P.O.B. two months prior to being tested. No 
allergic reactions were noted at that time. At the time that the skin 
tests were applied he had a few erythematous plaques scattered over 
the chest and abdomen. The skin tests were negative and he had no 
febrile response. Eight hours after being tested he was reported to 
have broken out with a wide spread urticarial eruption which lasted 
only about six hours. By the time he was seen the following morning 
the urticaria had completely disappeared. In view of the preceding 
allergic history, plus the fact that the skin tests were negative and the 
transitory character of the urticaria, we doubt that this represents a 
true allergic response to P.O.B. 

The remaining thirty-four children elicited no allergic response, 
and aU the intracutaneous tests were negative. 

SUMMARY 

1. One hundred and eghty children with various acute infections 
were treated, as out-patients, with penicillin suspended in a mixture of 
peanut oil and beeswax. 

2. There were 100 consecutive cases of pneumonia, thirty-two of 
which occurred in infants under twelve months of age. The results 
achieved were quite satisfactory, with ninety-two good responses, 
four poor responses, and four failures. 

3. Twenty-nine cases of suppurative otitis media, nine of which 
proved to be sulfadiazine resistant, were also treated. There was only 
one failure in this group. 

4. The penicillin blood levels obtained by this method of injection 
were extremely variable. The possible reasons for this marked vari- 
ability are discussed. 

5. Two instances of mild local inflammatory reaction at the site of 
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In a previous paper (1), the results of the treatment of a group of 34 
asthmatic children by irradiation of the lymphoid tissue of the naso- 
pharynx with radon were reported. The ages of these patients varied 
from 2 to 14 years. All of them had suffered with frequent asthmatic 
attacks for at least 2 years prior to irradiation. This group included 
patients with aU types of asthma: intrinsic and extrinsic, as well as in- 
stances of the mixed or unclassified type. Approximately one-half of 
the patients had had their tonsils and adenoids removed some time be- 
fore the institution of the radon therapy. 

During the course of this study, erythrocyte sedimentation rate de- 
terminations (Wintrobe technique) were done on 33 of the 34 patients 
treated in this maimer. Determinations were made before the appli- 
cation of the radon therapy, during the course of the treatment, and 
after the treatment was completed. An attempt was made to perform 
at least two determinations on each patient xmder the same conditions. 
Also, before the radon therapy was instituted dete rmin ations were 
done on each patient, first, when the patient was entirely free of asth- 
ma, and, second, when the patient was having an asthmatic attack. 

The sedimentation rates of each patient after having been treated 
with radon are shown in the following tables in relation to the outcome 
of the asthma. Corrected values read in one hour are reported. In 
each table the figures in italics represent the sedimentation rates taken 
during an asthmatic attack; the other figures denote an average of at 
least two determinations performed under the designated conditions. 

The period of observation of these 33 patients, after the completion 
of the radon treatment, varied from 6 months to 4 years. The effect 
of the treatment on the course of the asthma was scored as follows: 

(1) Completely relieved, when there was no recurrence of the asth- 
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TABLE I 

Sedimentation Rates of Patients Who Were Completely 


Relieved of Their Asthma After Radon Therapy 


PATIEKT NO. 

SEDIMENTATION HATES (UM. PEE HOOe) 


Before treatment 

During treatment 

After treatment 

1 

18-22 

20 

8 

2 

26-2i 

7 

8 

3 

36-38 

11 

12 

4 

42-34 

16 

5 

5 

26-36 

32 

7 

6 

46-39 

23 

0 

7 

26-32 

18 

7 

8 

21-28 

15 

1 4 

9 

22-23 

9 

2 

10 

26-22 

9 

4 

11 

27-36 

12 

6 

12 

ii-19 

15 

0 

13 

28-29 

16 

6 

14 

42-36 

20 

8 

IS 

38-22 

14 

7 

Average 

20-28 

16 

6 




TABLE II 

Sedimentation Rates of Patients Who Were Markedly or Moderately 


Relieved of Their Asthma After Radon Therapy 


PATIENT NO. 

SEDIMENTATION KATES (MM. PEE HODe) 

Before treatment 

During treatment 

After treatment 

16 

0-n 

12 

7 

17 

n-20 

14 

10 

18 

17-21 

11 

9 

19 

11-24 

25 

16 

20 

38-41 

6 

5 

21 

29-41 

13 

0 

22 

11-7 

4 

11 

Average 

18-24 

12 

8 


matic attacks during the observation period and repeated physica 
examinations showed none of the findings typical of the ast a ic 

chest. 
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(2) Markedly relieved, when the patient had only an occasional 
mil d attack of asthma in comparison to the frequent severe attacks 
prior to treatment. 

(3) Moderately reheved, when the number of attacks and the se- 
verity of the symptoms became less than one-half. 

(4) Failure, when the nmnber of asthmatic attacks was only slightly 
reduced or the status remained the same, or the condition became 
worse. 

TABLE ni 


Sedimentation Rates of Patients Whose Asthma Did 
Not Respond Favorably to Radon Therapy 


PATIENT NO. 

SEDDIENTAIION BATES (mi. PEE HOVE) 

Before treatment 

During treatment 

After treatment 

23 

2- 4 

5 

8 

24 

3- S 

3 

0 

25 

0- 1 

0 

0 

26 

0- 2 

0 

1 

27 

9- 1 

9 

0 

28 

8- 0 

4 

1 

29 

4- 5 

9 

0 

30 

S-12 

16 

10 

31 

4- 0 

0 

0 

32 

7- 2 

3 

1 

33 

ICh 8 

7 

5 

Average 

5- 4 

5 

2 


It wUl be noted that the sedimentation rate was essentially the same 
during both the asthmatic and the non-asthmatic states. Again, it 
will be observed that 21 of the 22 patients, whose asthma responded 
favorably to the radon therapy, had a high sedimentation rate before 
treatment. In aU but one case these elevated sedimentation rates re- 
turned to normal after completion of the radon therapy. Of the 11 
patients who failed to respond to the irradiation only one presented a 
slightly elevated rate before treatment. 

COMMENT 

These findings suggest, first, that the erythrocyte sedimentation 
rate determination may be a useful test in predicting which children 
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with asthma will be benefited by irradiation, and, second, that the 
sedimentation rate may serve to differentiate between infectious and 
non-infectious (allergic) asthma as has been pointed out previously by 
Coke (2) and Klnott (3). This latter inference is further substantiated 
in this study by the fact that in all of the 22 cases whose asthma re- 
sponded favorably to the treatment there was complete disappearance 
of the lymphoid tissue in the naso-pharynx, and again in all but one of 
these cases the sedimentation rate which was high before treatment re- 
turned to normal after the completion of the treatment. 
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A HITHERTO UNRECOGNIZED TENDENCY TO THE DEVEL- 
OPMENT OF WIDESPREAD PULMONARY VASCULAR OB- 
STRUCTION IN PATIENTS WITH CONGENITAL PULMO- 
NARY STENOSIS (TETRALOGY OF FALLOT) 

ARNOLD R. RICH 

The Department of Pathology, The Johns Hopkins University School of Medicine 
Received for Publication September 10, 1947 

The surgical treatment of congenital pulmonary stenosis recently 
devised by Blalock and Taussig (1) consists, as is now well known, in 
anastomosing a systemic artery (subclavian, innominate,' carotid) to a 
pulmonary artery. By so increasing the amount of blood passing 
through the lungs, relief is afforded from the marked deficiency in the 
oxygenation of the blood that results from the^pulmonary stenosis and 
from the shunting of unoxygenated blood from the right to the left 
ventricle through the ventricular septal defect that is usually present 
in these cases. The successful development of this operation has 
brought a large number of patients with the tetralogy of Fallot (con- 
genital pulmonary stenosis, patent interventricular septum, dextro- 
position of the aorta, hypertrophy of the right ventricle) to this hospital 
for treatment. The condition of many of these patients at the time 
of their arrival at the hospital has been precarious. Some have died 
while awaiting operation. Others have been operated upon even 
though in a condition that made them extremely poor surgical risks, 
for the operation provided the only hope of their survival. Some 
deaths have represented the operative mortahty to be expected in 
the development and performance of any operation of comparable 
seriousness, particularly in the presence of an abnormal cardiac mech- 
anism. In the microscopical study of the tissues of two of the fatal 
cases there was encountered pulmonary vascular obstruction of a 
degree that could be of importance in contributing to the symptoms 
and, possibly, to the fatal outcome. It was regarded worthwhile, 
therefore, to examine a series of consecutive cases of the tetralogy of 
FaUot for the presence of these lesions, and they were found with a 
frequency that was altogether surprising (90 per cent of 21 cases). 
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contained, respectively, 35, 33, 19, and 14 obstructed vessels. The 
single section from each lobe of the lungs of case 19668 contained, 
respectively, 31, 18, 14, 10 and 4 obstructed vessels. The frequency 
with which the thrombi can be found in sections of only a few micra 
in thickness, taken at random from any part of any lobe of either 
lung, makes evident the profuseness of these obstructive lesions in 
most of the cases. 

There arises the question why widespread thrombosis of the periph- 
eral pulmonary vascular tree occurs with such frequency in patients 
of this type. It may be said at once that the thrombi are not simply 
results of the vascular operative procedure. While in some cases 
small thrombi may form at the operative site of anastomosis and 
become dislodged and swept as emboli into small branches of the 
pulmonary artery, it is to be emphasized that in most of these cases 
there is clear evidence that the thrombi occur independently of any 
operative procedure. In the first place, these widespread lesions are 
found in patients who have died while awaiting operation. In the 
second place, even in the operated cases thrombi are ordinarily present 
which are clearly much older than the survival time of the patient 
following operation. Completely organized, recanalized thrombi are 
found even in patients who died on the operating table, or within 
several hours after operation (see Table l). In cases 19561 and 19614, 
the only cases in this series in which the patients survived as long as 
4^ days after operation, there are present fibrous, recanalized thrombi 
that are without question much older than the postoperative survival 
time. 

Since it is perfectly clear that patients with the tetralogy of Fallot 
tend to develop spontaneous thrombi which obstruct the smaller pul- 
monaiy vessels, one may inquire whether these thrombi arise locally 
in the pulmonary vessels or represent small emboli from extra-pul- 
monary sites. There is no evidence that the arterial thrombi represent 
emboli, and it is altogether unlikely that they do. No thrombi were 
found in the hearts; and in cases of other types in which thrombi in 
the heart or systemic veins serve as the source of pulmonary emboli, 
no such extremely diffuse obstruction of minute pulmonary vessels as 
is present in these cases is encountered. It seems evident from the 
study of the present cases that patients with the tetralogy of Fallot 



TABLE I 

Tetralogy of Fallot. 21 Consecutive Autopsies 




THEOMBI IN PUmONAJlY VESSELS I 

— . — 

AUTOPSY 

SEX 





NUMBER 

AGE 

Organized 

canalized 

Organ- 

izing 

Fresh 

REMARKS 

19444 

M 

10 mos. 

0 

0 

+ 

Died 1 day after operation 

19448 

M 

+ 

+ 

+ 

Died 12 hours after operation 


4 yrs. 





19466t 

F 

+ 

+ 

0 

No operation 


5^ mos. 





194701 

F 

0 

0 

0 

No operation 


16 yrs. 





19480 

F 

0 

0 

+ 

No operation 


7 mos. 





19486* 

M 

21 mos. 

+ 

+ 

0 

Died 15 days after operation 

19506 

M 

+ 

+ 

0 

Died during operation 


5 yrs. 





19521 

M 

0 

0 

+ 

Died 15 days after operation 


4^ yrs. 





19526 

M 

+ 

+ 

0 

Died 8 hours after operation 


4 yrs. 





19561 

M 

+ 

0 

0 

Died 45 days after operation 


11 yrs. 




Died 2 days after operation 

19579 

M 

+ 

+ 

0 


3 yrs. 




Died 45 days after operation 

19614 

F 

+ 

+ 

0 


11 yrs. 




No operation 

19661 

F 

0 

0 

+ 


7 mos. 




Died 15 days after operation 

19668 

F 

+ 

+ 

0 


2 yrs. 




Died 1 hour after operation 

19691 

F 

+ 

+ 

0 

19697 

8 yrs. 

F 

0 

0 

+ 

Died 12 hours after operation 

19717 

3^ yrs. 

F 

+ 

0 

0 

Died 3 hours after operation 

19770 

20 yrs. 

M 

+ 

+ 

0 

Died 2 days after operation 

19799 

2 yrs. 

M 

+ 

+ 

0 

Died during operation 

19821 

8 yrs. 

F 

0 

0 

0 

Died during operation 

19835 

2^ mos. 

F 

8 yrs. 

+ 

0 

0 

Died during operation 


.P„to«n,-.iy stenosis; intetventricnUir septsl detect; trsnspositlon of so®, 
t Capillary angioma present in one section. 
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have a marked tendency to develop widespread local thrombosis of the 
smaller pulmonary vessels, both arteries and veins. It may be stated 
that the study of the other viscera in these cases disclosed no such 
tendency to diffuse thrombosis as was found in the lungs. 

There are two circumstances that may be expected to favor spon- 
taneous thrombosis in the pulmonary tree in these patients. In the 
first place, the anoxaemia due to the inadequate pulmonary circula- 
tion causes the development of a compensatory polycythaemia, often 
of marked degree, and polycythaemia is recognized as a condition 
favorable to thrombosis, apparently because of the increased viscosity 
of the blood (cf. the formation of “marantic” thrombi in patients with 
increased viscosity of the blood due to dehydration). Spontaneous 
thrombosis of systemic vessels (e.g., cerebral vessels) is familiar in 
polycythaemia vera. How frequently widespread thrombosis of the 
smaller pulmonary vessels occurs in polycythaemia vera cannot be 
stated with confidence at present, for the lack of mention of thrombi 
in the pulmonary vascular bed, in the description of most of the cases 
in the literature, does not necessarily provide assurance that they were 
not present. The little thrombi in their organized recanalized state 
can easily be overlooked, as is evident from the fact that they have 
heretofore been overlooked in cases of the tetralogy of Fallot. A 
re-examination of the several cases of polycythaemia vera available in 
the files of this department has disclosed no thrombi in the sections of 
the lungs, but the number of cases is too small to be of value. 

In addition to the factor of polycythaemia, patients with the tetral- 
ogy of Fallot are subject to another influence, not present in patients 
with polycythaemia vera, that can favor the development of throm- 
bosis in the pulmonary vessels, namely, the inadequatepuhnonary blood 
flow that results from the pulmonary stenosis. It is well know that cir- 
cumstances that tend to slow the flow of blood in a vessel predispose 
to thrombosis of the vessel; and the greatly reduced amount of blood 
delivered to the pulmonary circulation in cases of pulmonary stenosis, 
with the consequent low pressure in the pulmonary artery, may be 
expected to reduce the rate of flow in the pulmonary vessels. Because 
of this additional factor favoring thrombosis in the p ulm onary vascular 
bed, a case of pulmonary stenosis having the same degree of polycy- 
thaemia as a case of polycythaemia vera should be more likely to 
develop thrombosis of the piflmonaiy vessels. 
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Since patients with the tetralogy of FaUot suffer from a marked 
deficiency in the oxygenation of the blood due to the reduced flow of 
blood through the lungs, the presence of widespread thrombosis of 
the pulmonary vessels may well add to the difficulty of oxygenation. 
The marked interference with the oxygenation of the blood that re- 
sults from the obstruction of microscopic pulmonary vessels in cases 
of Ayerza’s disease is familiar. The presence of obstructive thrombi 
throughout the lungs may also affect the outcome of the surgical at- 
tempt to increase the pulmonary blood flow by anastomosing a large 
systemic artery to the pulmonary artery. Whether the increased periph- 
eral resistance in the pulmonary circulation, in cases with wide- 
spread obstructive thrombosis of the pulmonary vascular bed, will 
place an additional burden upon the abnormal heart following the 
surgical therapeutic anastomosis, can hardly be answered on the 
basis of present information, for the activity of the normal com- 
pensatory mechanisms is at present unpredictable in these patients 
ivith a congenitally abnormal circulatory apparatus. The answers 
to these and to other questions provoked by the presence of the ob- 
structive thrombi must await studies of pulmonary pressure and. flow 
in the living patient, correlated with the degree of thrombotic obstruc- 
tion found at autopsy. The observations recorded in the present 
paper serve principally to draw attention to a frequent complication 
that should be borne in mind in the interpretation of studies on the 
pathological physiology of patients with the tetralogy of Fallot. 

SUMMARY 

Widespread and progressive thrombosis of pulmonary vessels of 
microscopic size is a frequent occurrence in patients with congenital 
pulmonary stenosis (tetralogy of Fallot type). This condition was 
present in 90 per cent of twenty-one consecutive cases studied at 
autopsy. It is suggested that the predisposing factors are the in- 
creased viscosity of the blood resulting from the compensatory poly- 
cythaemia, and the reduced rate of flow in the pulmonary vessels 
resulting from the greatly diminished amount of blood delivere o 
the pulmonary vascular system. The possible clinical signi cance o 
this widespread obstruction to the pulmonary circulation is men lone . 
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Explanation or Illustrations 
(Photomicrographs by Miss Marjorie Jackson) 

Figs. 1-5. Obstructed pulmonary vessels in Case 19668. Figs. 1 and 2 show 
thrombi still in the process of organization. Figs. 3, 4 and 5 illustrate older orga- 
nized, recanalLzed thrombi. 

Figs. 6-10. Obstructed pulmonary vessels in Case 19506. The lower left por- 
tion of the thrombus in Fig. 6 is not yet organized; those in Figs. 7-10 are com- 
pletely replacfed by connective tis^e and recanalized. 
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Figs. 7-8 
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report published, and maybe others, which say that formoguanamine is an effective 
diuretic, and I understand it is bemg widely used in some places. This is perhaps 
quite dangerous, as Dr. Asper has pointed out, and iinless one looks carefully for 
crystalluria and other manifestations of renal damage one may not find it. Re- 
garding the histological sections, I should have said that the area shown in the 
lantern slide, with the crystals in the tubular lumen, was abnormal as Dr. Rich has 
pointed out, but that numerous areas in other parts of the kidney were perfectly 
normal. The main pathological lesion seems to be one of focal obstruction due to 
crystals impacted in the tubules. 

The Roentgenologic Diagnosis oj Tuberculosis. Dr. Russell H. Morgan. (De- 
partment of Surgery, Johns Hopkins Hospital.) 

Since the introduction of mass radiographic methods for the early detection of 
tuberculosis, considerable concern has been raised as to the efficiency with which 
these methods discover tuberculosis. Within recent years, two comprehensive 
investigations have been carried out to determine this efficiency. One method 
employed a system wherein comparative surveys of the various methods were 
studied. The other method followed quantitative evaluation of the physical 
factors controlling the diagnostic quality of x-ray films of various sizes. Both 
these methods have proven conclusively that all the mass radiographic methods 
are as efficient as regular 14 x 17" films in the early detection of tuberculosis. It 
therefore can be confidently stated that the concern which has been felt regarding 
the usefulness of mass radiographic mbthods is unfounded and that these methods 
can be used without question in studying such groups as hospital employees and 
university student and faculty members. 

Dr. Moses S. Shiling: I have been reading small chest films now for several years, 
and I would like Dr. Morgan to comment on the speed at which these small films 
can be read. I often hesitate to admit how fast one can read them. Not in- 
frequently, 1000 to 1200 small films can be read in one hour without sacrificing 
accuracy. 

It is difficult to understand how one expert can read a film as far advanced and 
another read the same film as negative. I can visualize several situations where 
this difficulty might arise in interpreting small films. One is the case of the large 
shelled-out cavity involving only a rim of tissue adjacent to the pleura. In this 
condition one might miss the complete absence of lung markings. Another 
similar situation could arise in the interpretation of cavities occurring in the so- 
called hOar regions of the lungs. These may well be picked up by some and missed 
by others. 

Dr. A. McGehee Harvey: I would like to ask what the variations were when the 
same reader read the films on successive days. 

Dr. Russell H. Morgan: In regard to Dr. Shiling’s question about the speed of 
reading, some experimental work on evaluating diagnostic efficiency has been done 
as part of the Veterans Administration study, and it was apparent that the sub- 
jective error of reading is not very closely related to the speed of reading. Those 
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Dr. Morgan: I am sure that there is some subjectivity that comes into the pic- 
ture. However, since we knew that the lesion was actually there, psychological 
factors involving competition among the various readers did not immediately come 
into play. I wiU say one or two words in regard to your first question — “What 
happens when the opinions vary; did the situation occur when two readers saw the 
lesion and a third did not?” That occurred not infrequently, as you would expect 
statistically, and whenever it did occur we abided by the majority rule. One 
interesting thing that came up in that connection was this: we observed, let us say, 
a group of films of moderately advanced cases at 10 meters. If a case came up in 
which one of us could not see the lesion and the other two could, we found that if 
the non-seeing reader went a half a meter closer to the film he could then usually 
pick up the lesion. Reversely, if the two went a half a meter farther back they 
might fail to see the lesion. The threshold between seeing and not seeing was 
fairly critical. In other words, in spite of the suggestion that this is not an entirely 
objective method, I think that it is fairly dose to being one. One thing that I 
might point out, if there are any statisticians present, I think that we have been 
successful in showing that, in by far the largest percentage of instances, all of the 
methods not only are able to pick up the lesions that we studied but are likely to 
pick up lesions much finer than those we studied. From the charts you noticed 
that the ability of our 14 x 17 film to record detail was a great deal better than that 
necessary to pick out the finest of the processes. The shoulder of the curve was a 
long ^fay away from the resolvmg power of the film. I think, as far as the diagno- 
sis of tuberculosis is concerned, x-ray procedures are on pretty sound ground so 
long as the interpreters exercise the best possible diligence in observing the films. 
One other important thing is that the observers should not try to evaluate the 
activity of the lesion as soon as they detect the pathology. As soon as the readers 
attempted to do this in the Veterans Administration study, the discrepancy varied 
markedly. It is not surprising that this situation exists because x-ray methods 
are not histological methods, nor bacteriological methods, and.the evaluation of the 
accurate status of the lesion must be determined by those methods rather than by 
x-ray. X-rays have done an admirable job in detecting the pathology. I think 
we should be appreciative of that fact. There are other excellent methods by 
which activity may be evaluated. 
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Pertinent research needs involving otology, psychology, physics, electronics 
and psycho-acoustics are suggested. 

Dr. Stacy R. Guild: Besides congratulating Dr. Hardy on his report of the work 
in which he participated during the war, I wish to point out one aspect of the 
application of rehabilitation techniques to civilians which Dr. Hardy did not 
state. The broad application of this program wiU reduce the cost to the tax- 
payers of educating hard-of-hearing children. The cost of preventive measures 
for deafness and of fitting children with hearing aids will not be nearly so great as 
the cost of special educational procedure, special schools for the deaf, special 
teachers for the deaf, etc. I believe that Dr. Hardy’s cooperation with the 
Department of Pediatrics and with city and state-wide agencies will more than 
make up its cost. We can caU it preventive medicine if we wish. 

Dr. William G. Hardy: I can supply one figure with which I am acquainted. 
Among several states on the Atlantic seaboard at least $1300. to $1800. per in- 
dividual is spent aimually among congenitally deafened children. I don’t know 
what percentage of these children need not be in that group but it is probably a 
significant percentage. 

Dr. Alan M. CItesney: I would like to speak for a minute from the standpoint 
of the guinea pig. I was very much interested, naturally, in Dr. Hardy’s paper, 
and especially in his work which is starting here. I think it appropriate to tell 
this audience that the opportunity to start this work was made possible through 
the generosity of several of Dr. Crowe’s patients, one of whom is himself obliged to 
wear a hearing aid. 

It is quite true that the hearing aid of today is much better than it used to be. 
The old carbon-filament tjqje of instrument was very unsatisfactory, but with the 
introduction of the radio amplification tube the whole picture changed. The 
only difficulty now is that so many improvements are being made and they are so 
expensive that you can’t get a new model each year without spending a great 
deal of money. Maybe that \\nll be straightened out as time goes on. 

There is one point I would like to brmg up that should be a matter of interest to 
all of us who are in the position of being medical teachers or medical students, and 
that is the question of the development of the amplifying stethoscope. I have 
watched its development with some interest, and I listened last year with the aid 
of an amplifying stethoscope to chests and hearts for a brief period and was amazed 
at what I could hear. I am satisfied that I heard things I didn’t hear when I was a 
student, and I wouldn’t be at all surprised if the development of amplifying stetho- 
scopes reaches the point where all ph}’sicians starting out will want to have such a 
stethoscope and not wish to make use of the relatively inferior instrument which 
medical people have been using for a long time. If I were a youngster going into 
medicine now, I would keep my eye on that aspect of physical diagnosis. I rather 
think that a phj'sician, with an amplifying stethoscope, may be able to hear things 
which his colleagues can’t hear and which are really there and not imaginary. 

It is very nice to have this work starting here under Dr. Hardy’s supervision. 
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nalized and persistent. It may well be that through the type of experimentation 
which Dr. Gantt pursues diligently, we may be granted a more intimate view of 
the physiology underlying these persistent maladaptive emotional or cardiac 
patterns. This would be of very great importance for the understanding of 
persisting anxiety reactions. I can’t stop without yielding to the temptation to 
speak of a further complication clinically which exists on top of this matter, namely 
that we do not infrequently deal with people who have found a solution, apparently 
not available to some of these dogs, whereby they become immune in a pathological 
way to the upsetting implications of some of the situations, but do this by delusion 
formation or by other devices which aren’t very well adaptive either, so that the 
clinician oftentimes considers it a triumph therapeutically to get the patient to a 
state where his heart will respond. Sometimes he %vill have some moderately 
appropriate reactions and then there is a possibility that he can be helped still 
further. 

Dr. Harry A. Tcitelbaum: Since the process of extinction as described by Dr. 
Gantt apparently relieves animals, including man, of the necessity of responding to 
stimuli which are no longer of biological value, it must play a very important 
role in adaptive medianisms. This presents the possibility of an interestmg thesis. 
Whether Dr. Gantt’s observations corroborate this thesis or not, it is impossible to 
say at this time. About aU we can say about it this evening is that it seems that 
the more highly specialized tissues like the salivary glands and striated muscle 
tend to extinguish conditioned responses more readily than the less specialized 
tissues like the heart and the lungs which are more essential for the vitality of the 
animal. Can one postulate that the more specialized tissues are more highly 
sensitive and become conditioned more readily, and therefore play a more impor- 
tant role in adapting an animal, than the less specialized tissues in which the 
conditional responses are not extinguished and persist perversely and clinically in 
man? Referring to anxiety or emotional disturbances, it is possible that these less 
specialized tissues are less likely to extinguish their conditioned responses, and 
therefore are less adaptive. I wonder if Dr. Gantt could e.xpound on these thoughts 
and tell us whether it is a tenable thesis or not. 

Dr. W. Horsley Gantt: I am glad to have Dr. Whitehom’s and Dr. Teitelbaum’s 
comments and the amplifications. I don’t know that I can say anything especially 
that would illuminate the matter further than they have already done. I just 
want to add that necessarily I have condensed and, to a considerable extent, 
oversimplified this in order to give you a clearer idea than would have been done if 
I had put in a great deal of more complex material, and I offer it as a hypothesis 
which future work may confirm or reject. 

Ckemotkcrapy of Tuberculosis in Children. Dr. Edith hi. Lincoln*. (Depart- 
ment of Pediatrics, New York Universitj'.) 

A brief report of results with promizole includes the failure to cure five children 
with tuberculous meningitis with this drug, and our comparatively good results in 
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to either drug. Should this be confirmed and extended to other combinations it 
may offer a lead to the understanding of the beneficial effects of combined chemo- 
therapy. 

Dr. Perrin E. Long: I have been very much interested in Dr. Lincoln’s paper 
tonight because the sulfones are quite active compounds, especially diamino 
diphenyl sulfone. Ten years ago it seemed to us that possibly they might be 
effective in subacute bacterial endocarditis. We treated four patients with this 
compound, and within a week we had retreated hastily from our position because 
immediately three patients developed acute hemolytic anemia. I would like to ask 
Dr. Lincoln a question. She said her patients developed cyanosis. This was the 
thing which should have tipped us off ten years ago, that we might get into diffi- 
culties because I have never seen people become quite so blue within twenty-four 
hours as the indKnduak to whom we gave diamino diphenyl sulfone. I want to 
ask first if these people became anemic from the promizole; secondly, in respect to 
tire ataxia which these children developed, I have wondered what has happened to 
that particular sign after streptomycin was discontinued, because it is one of the 
most serious toxic reactions I think that has been noted. Certainly this has been 
true in the individuals in the veterans’ group, and I am not sure that it is not as 
serious as the deafness which has been reported. After all, if you are deaf you can 
walk around and get out. Some of these ataxic individuals have learned to 
accommodate in the daytime, but don’t dare go out in the dark because they will 
promptly fall dowm. Has the ataxia disappeared after treatment with strepto- 
mycin has been stopped? 

Dr. Edith M. Lincoln: The ataxia bothered us a great deal at the beginning but 
tlie children seem to get used to it very easily. I think there is no doubt about it 
tliat there is damage to the nerves, actual destruction, but they adjust to it. 
This one little boy I told you about, the four year old, had to be sent home because 
he was so active, although he was so ataxic in the early stages that he was just 
wca^^ng up and down the ward and would invariably fall. Before he left the 
hospital he could climb on top of the cubicles with just as much agility and dexterity 
as any child. That happened with all the patients that we had. 

Dr. Francis F. Schwcnlkcr: I would like to know what happens to the tuberculin 
test after these children are under treatment. 

Dr. Lincoln: The tuberculin tests in all cases that we have done have remained 
positive after promizole therapy. 

Dr. Sclnvcntkcr: I wondered whether there would be an increase or decrease in 
the size of the tuberculin reaction during therapy. Products of the killed tubercle 
bacilli might absorb the antibodj' and cause a decrease in the amount of reaction. 

Dr. Lincoln: I am afraid we haven’t tried that. In fact we are a little afraid of 
too many perifocal reactions around a cortical focus. We have done patch tests on 
children who have recovered. We expect, from the fact that the primarj' focus is 
visible for such a long time, that we shall have none which revert to negative. 

Dr. Frederic B. Bang: I would like to ask Dr. Lincoln if any of her patients 
developed a red color of the urine. 
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Advances in Pcdialrics, Vol. 2. Editors: S. Z. Levine, Allan IM. Butler, L. 
Emmett Holt, Jr., and A. Ashley Weech. Ulus. 407 pp. $6.75. Inicr- 
scicncc Publishers, Inc., Nao York, New York, 1947. 

The volume of current medical literature has become so great that it has be- 
come practically impossible for one to keep abreast of the progress being made 
in many diverse fields. The need is being met by the publication of reviews or 
short monographs by authorities who are capable of reviewing, evaluating and 
bringing up to date the work on a particular subject. Advances in Pcdialrics 
is published annually as a small volume with this objective. After the first issue 
in 1942 the publication was suspended during the war. Volume 2 has now ap- 
peared under new editorship. It fulfills its purpose excellently in presenting dis- 
cussions by recognized authorities on pediatric subjects selected because of con- 
temporary interest and importance. Its merits can be demonstrated best by 
listing the table of contents and authors: 

Etiology of Congenital Malformations, by Josef Warkany 
Acute Infectious Lymphocytosis, by Carl H. Smith 

Role of Fluorine in Prevention and Treatment of Dental Caries, by H. Trend- 
ley Dean 

The Treatment of Purulent Meningitis, by Hattie E. Alexander 
Chemotherapy: Penicillin, Sulfonamides, Streptomycin and Tyrothricin, by 
Paul Gyorgy and Henry F. Lee 
Atj'pical Pneumonia, by John H. Dingle 

Endocrine and Other Factors Determining the Growth of Children, by Na- 
than B. Talbot and Edna H. Sobel 
\^irus Diarrhea, by Katherine Dodd 
Prematurity, by Harry H. Gordon 

The Genesis of Physiologic Hyperbilirubinemia, by A. A. Weech 
Prevention of Recurrences of Rheumatic Fever, by Ann G. Kuttner 
The v'aluc of the volume is enhanced by abundant references which have been 
well indexed. 

L. W. 

EsserJioIs of Pharmacology. By Frances K. Oldham, F. E, Kelsey, and E. M. 
K. Geiling. Ulus. 440 pp. $5.00. J, B. Lippineolt Company, Phila- 
delphia, Pcr’.nsylvania, 1947. 

This book from the University of Chicago, Department of Pharmacology, 
presents in brief fashion the pharmacological principles of drugs in current clinical 
use. In general, each chapter consists of a short discussion of a group of drugs, 
usually v,-ilh the inclusion of structural formulas, followed by a list of official prep- 
arations and a selected bibliography. The therapeutic concepts are in excellent 
conformity with modem formulations. Emphasis has been placed up>on the most 
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recent pharmacological developments, so that the book is amazingly up to date. 
The inclusion of all the latest advances has been accomplished partly at the ex- 
pense of older fundamental work, and the presentation is thus somewhat unbal- 
anced. The same comment may be made about the bibliographies. 

The defects of this volume are chiefly those consequent upon the attempt to 
compress a large field into a small book. The discussions of the individual drugs 
are insufficiently detailed to tell the reader how to apply the information to clinical 
situations. Hence, the appeal of this book will be largely to those who are rela- 
tively unfamiliar with modem pharmacology and who desire a rapid introduction. 
It could not serve as a medical school text except for the purposes of review, or 
as a supplement to more extensive but less contemporary works. The physician 
will find it useful only for bibliographic material and chemical stmctures of re- 
cently introduced dmgs. 

C. G. Z. 

Expectant Motherhood. 2nd Edition revised. By Nicholson J. Eastman. 198 
pp. $1.50. Little Brown and Company, Boston, Massachusetts, 1947. 

Advice books about pregnancy antedate the printed page, and if all were placed 
side by side a large library would result. Among the most widely read of the 
modern era is Dr. Eastman’s Expectant Motherhood, first printed in 1940. During 
the succeeding seven years it was reprinted fifteen times and currently appears 
completely revised. 

Expectant Motherhood is written for the intelligent layman. The author cap- 
tivates the reader by his authoritative, sincere, simple style; a style devoid of 
window dressing. A great amount of valuable, practical information is packed 
into the small volume. If one were to offer any general criticism, he might take 
the author to task for the almost complete absence of historical data, a field in 
which the author has frequently demonstrated his special competence. The only 
excursion into medical history which he has allowed himself is a few paragraphs 
concerning the origin of obstetrical forceps. The reviewer feels that medical books 
written for the layman should not only present the essential facts but the histori-. 
cal evolution of their acquisition. Such a combination educates the public in an 
appreciation of modern scientific medicine, plus better understanding of its per- 
ipheral quackery. 

Several new chapters have been added to the first edition. One of these is an 
excellent chapter on weight control in pregnancy with sample menus. “How to 
telephone your doctor” is an intriguing inclusion; its purpose is to make telephone 
consultations more efficient and satisfactory. Paragraphs on the much discussed 
Rh factor and on controversial caudal anaesthesia first appear in the revised edi- 

tion. _ . 

In one instance Dr. Eastman allows faith in democracy to outweigh scientific 
critique. Because 84 per cent of seventy-five obstetrical authorities assume that 
smoking and inhaling twenty-five or more cigarettes daily have an unfavorable 
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effect on maternal health, he too implies this is the case. Yet neither he nor the 
other authorities offer scientific data to support this prejudice. 

All in all Expectant Motherhood does an excellent job. Dr. Eastman makes a 
painstaking attempt to replace the subtle fears and folk 'misinformation of the 
pregnant woman and her kin by calm assurance and scientific knowledge. And 
he succeeds. 

A. F. G. 

Office Endocrinology. 3rd Ed. By Robert B. Greenblatt. Ulus. 303 pp. 

S4.75. Charles C. Thomas, Springfield, Illinois, 1947. 

This is a well-intentioned effort to bring together into a single small volume the 
confusing theories and the treatment of certain endocrine problems. The author 
has had extensive experience in this field, both in the laboratory and clinically. 
His interest has been centered primarily in female endocrinology, and the book 
should more properly be given this title. Except for a short section of 27 pages on 
male endocrinology and 32 pages on the action of hormones and the available 
commercial products, the entire book is concerned with gynecological endocrin- 
ology. The author, in his preface to this edition, emphasizes that it has been 
prepared "for the practicing physician with the usual ofiSce equipment and with 
the laboratory facilities afforded by the average community hospital.” 

Were the general practitioner to follow through chronologically the advice on 
diagnosis and treatment as outlined under the various headings, he would in many 
instances be hopelessly at sea and the patient’s pocketbook would be severely 
depleted. No mention is made of the necessity of a diagnostic curettage and cer- 
vical biopsy before endocrine therapy is instituted in menometrorrhagia. In the 
conclusion of this chapter this advice is given in case the woman is over 36 years of 
age. Far too many early malignancies are missed now because the pharmaceuti- 
cally advised general practitioner resorts to shots before he performs a pelvic ex- 
amination. The physician who performs suction curettage “30 or 40 days after 
the last menstrual period" as advised in case of amenorrhea may be considerably 
chagrined when he studies the tissue sections. His suggestion to use testosterone 
in bleeding associated with myomas of the uterus can only be applicable in the 
very rare instance. In Chapter 16 the shortcomings of anterior pituitary extracts, 
equine gonadotropins, and chorionic gonadotropins as producers of ovulation in 
the human ovary are stressed, yet he strongly advocates their use in the chapter 
“The Management of Sterility”. Leucoplakia of the vulva is not mentioned in 
the chapter on Pruritis Vulvae. 

The chapters on the various hormones, their physiologic properties and their 
commercial names and dosages are especially informative and useful. He is 
particularly cautious in the part on male endocrinology, and for this reason the 
advised treatments, though in many instances controversial, are more rational. 

The problems of obesity and thyroid disease are inadequately treated, whereas 
the less common problems of sexual libido and sexual infantilism in the female 
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merits. There are also many observations on over-all water metabolism which 
may be applied directly to related clinical problems. 

Dr. Adolph and his collaborators have written a most entertaining and valuable 
accoimt of a very dry subject. The numerous charts and maps add great clarity 
to the presentation. The purpose served by the photographs is obscure. 

J. L. L., Jr. 

Treatment of Diabetes Mellitus, The. 8th Ed. By Ellioxt P. Jostm, Howard 
F. Root, Priscilla White, Alexander Marble, and C. Cabell Bailey. 
Ulus. 861 pp. $10.00. Lea & Febiger, Philadelphia, Pennsylvania, 1946. 

This standard text in the field of diabetes has been brought up to date by Joslin 
and his coworkers. The title is somewhat misleading since a large part of the 
book is concerned with etiology, diagnosis, pathology, and various complications 
of diabetes. The chapter on experimental diabetes produced by alloxan is well 
written. 

There are numerous minor errors as is inevitable in so extensive a work. For 
example, on page 716, in discussing Cori’s recent experimental observation of 
pituitary extract antagonism to insulin, pituitrin is referred to when, of course, 
anterior pituitary extract is meant; on page 153 the statement about blood galac- 
tose curve following oral administration of sugar is confusing; there might be 
disagreement with the statement on page 305 that normally the serum phosphorus 
is between 2 and 3 mg. per 100 cc. — but these are relatively m in or points. 

This book has long been of great value as a reference text. A wealth of material 
is covered, and munerous references are accurately recorded. Most of the chap- 
ters are well written and easy to read. The authors deserve much credit for the 
painstaking manner in which they have covered the field. 

H. F. K., Jr. 

Clinical Neuro-Ophthalmology. By Frank B. Walsh. Ulus. 1532 pp. $15.00. 
The Williams and Wilkins Company, Baltimore, Maryland, 1947. 

This volume by Doctor Walsh represents years of profound study of clinical 
neuro-ophthalmology. It is a good deal more than a textbook — it is practically 
a compendium of information. The illustrations throughout are excellent. The 
text is dear and the references adequately cover the field. 

The domain of the book extends, however, considerably beyond the range of 
the usual dinical neuro-ophthalmology. There are chapters on infections, ocular 
syphilis, familial degenerative diseases, toxic and metabolic diseases, etc. It 
might have been somewhat easier for the reader had this splendid book been sepa- 
rated into two volumes, one being limited to neuro-ophthalmology and the other 
to ophthalmic conditions which at times produce neuro-ophthahnological S 3 rmp- 
toms. The book is saved from confusion by its splendid index which enables the 
reader to follow the subject rapidly to its condusion through its various ramifica- 
tions. 

This book belongs in the library of every ophthalmologist and neurologist. 
It is a splendid piece of work. 


A. C. W. 
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Gifford’s Textbook of OpMhalvtology, 4th Ed. By Francts H. Adler. lUus 
512 pp. $6.00. W. B. Saunders Company, Philadelphia, Pennsylvania 
1947. 

This book by Doctor Adler purports to be a re-editing of the late Doctor Gif- 
ford’s well-known textbook. As a matter of fact, it is far more than that. Vir- 
tually, it is a completely new textbook on ophthalmology, especially designed for 
students, embodying somewhat the general form of Doctor Gifford’s book. This 
book is not only an admirable volume for students or beginners in ophthalmology, 
but will also be definitely helpful to internists and physicians, who seek a clear- 
cut description and explanation for the various ocular anomalies which they con- 
stantly encounter. 

The description of medical ophthalmology throughout is remarkably good, 
clear and comprehensive. At the end of each chapter is a small but well selected 
bibliography which will enable the student to explore further any subject in which 
he may be especially interested. 

If any criticism is to be made of this book, it might be the undue attention de- 
voted to disturbances in ocular motility. However, the author is especially in- 
terested in this field, in which he has made outstanding advances. 

This is not only a good book; it is probably the best small textbook on modern 
ophthalmology. 

A. C. W. 

Textbook of Bacteriology, A. By Thurman B. Rice. 4th Ed. Ulus. 603 pp. 
$6.50. W. B. Saunders Co., Philadelphia, Pennsylvania, 1947. 

According to the author’s prefaces this book “is not intended to serve as a 
manual for the determination of the identity of species. It is intended as a basis 
for the understanding of disease, to the end that diagnosis, prognosis, treatment 
and general management may be as efiScient as is possible.’’ “The technical 
processes described in detail are only those which may be done by the practicmg 
physician, limited as he is in time, material, and equipment. When more is needed, 
he is instructed only in the manner of taking the sample, of sending it to the labora- 
tory, and of interpreting the results.’’ It is the opinion of the reviewer that the 
object stated in the second quoted sentence is unattainable under the limitations 
stated in the other sentences quoted. It is our opinion that a textbook should not 
be merely a brief outline of what the student is expected to learn and retain, but a 
book which can be used for reference during subsequent studies and practice. 

The author seldom refers to original work and gives practically no references 
to literature. In justification he states--‘Tt has been our experience that students 
do not use the bibliographies given in textbooks." Our experience has been other- 
wise, Different attitudes on the part of students can be cultivated by differences 
in teaching. In the long run mere epiricism may be less practical than habits of 
scholarship. 

We would regard the book as inadequate for the minimum requirements of a 
medical student. 
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The transplantation of organs or parts of organs to the anterior 
chamber of the eye provides unique opportunities for the study of the 
morphologic manifestation of physiological responses, since the 
transparency of the cornea allows observation without anesthesia of 
the structures which implant in the anterior chamber. The uterus 
undergoes alterations under physiological conditions which are par- 
ticularly suitable for such observation. The endometrium manifests 
characteristic changes in color and size in response to hormone depriva- 
tion and estrogen and progesterone stimulation, while contractions 
of the myometrium produce discernible motion. 

In the course of a study of the mode of action of prostigmin as an 
emmenagogue it appeared desirable to reinvestigate the supposed 
cholinergic mechanism of estrogen action on the endometrium of the 
rabbit, taking advantage of the physiologic conditions available with 
intraocular transplants. The results of this investigation cast serious 
doubt on the hitherto accepted conclusion that estrogens produce 
vasodilatation and stasis of the endometrial vessels by local production 
of acetylcholine. 


MATERIALS AND METHODS 

The thirty-one rabbits employed in these experiments were standard 
laboratory animals of no particular strain, purchased from a local 
dealer and subsequently kept in individual cages on a laboratory 
diet. They were all in good health with the exception of a few animals 
which were sacrificed because of chronic suppurative otitis media 
secondary to tick infestation of the external ear. No animal was 

^ Present address; Sinai Hospital, Baltimore 5, Md. 
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mated during the experimental period and none became pseudopreg- 
nant except as noted. Only autotransplants were made. 

Operations were performed under anesthesia with intravenous 
barbiturates or ether by cone, neither of which was entirely satisfac- 
tory. The abdomen was opened and the ovaries inspected. A ‘ 
small segment of uterus, usually from the left side, was then excised 
with scissors. No effort at hemostasis was made, simple closure of 
the abdominal wound being found adequate. In the earlier experi- 
ments this segment was placed on a gauze sponge and opened length- 
wise. It was then spread out on its serosal surface and with fine 
curved scissors attempts were made to remove small segments of 
endometrium from the myometrium. In many cases the wall of 
the uterus thus spread out was so thin that most fragments included 
the entire thickness of the wall. By trial and error a few partial- 
thickness slices could be obtained Later in the series, at the sugges- 
tion of Dr. J. Eldredge Markee, the opened uteri were laid on the 
index finger and then cut with scissors, but this technique did not 
increase the rate of successful grafting. In an attempt to solve this 
problem, several animals were injected with human pregnancy urine 
and operated upon on the 12th day, at which time a thick uterine waU 
was present. It was then simple to excise small fragments of en- 
dometrium and transplant them, but as the pseudopregnancy receded 
these grafts gradually vanished, and none reappeared during sub- 
sequent hormonal stimulation. Considerable attention was paid to 
this technical problem of obtaining endometrium without myometrium 
for grafting because in the vast majority of grafts the physiologic 
activity was dominated by myometrial contractions, rendering the 
grafts unsuitable for the particular purposes of these experiments. 
The problem was not solved, and the successful endometrial grafts 
were obtained by apparently fortuitous circumstances which could 
not be reproduced. Every successful graft at one time or another 
manifested myometrial activity. 

The eyes were prepared for operation by instillation of saturated 
boric acid solution. It was found that ether, which lowered the 
intraocular tension, rendered the operation more difficult, while the 
intravenous barbiturates did not. Preoperative atropine administra- 
tion also caused technical difiiculties. In the majority of cases the 
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right eye only was used, as described below, and two grafts were 
placed, but in some experiments both eyes were employed. The 
upper lid and nictitating membrane were retracted by an assistant. 
The cornea was incised with an iridectomy knife at a position cor- 
responding to about 2 o’clock on a dial and about 2 mm. from the 
corneoscleral margin, the blade being held parallel with the margin 
and inserted]with a rapid stabbing motion. Occasionally the underly- 
ing |iris was lacerated by the knife blade, but serious hemorrhage 
resulted only when the incision had been made too close to the cor- 
neoscleral margin. Such hemorrhage usually resulted in failure of the 
grafts. The corneal incision was then extended slightly inferiorly 
with fine scissors. The fragment of uterus was grasped with a fine 
toothed forceps and inserted into the anterior chamber. Because 
of the small size of the grafts, no effort could be made to orient the 
uterine tissue layers within the anterior chamber. Once inside the 
chamber, the uterine fragments were manipulated into position at 
10 and 12 o’clock in the corneoiridial angle by use of counter-pressure 
against the cornea with the rounded end of a scalpel handle or forceps. 
The cornea was not sutured. 

Postoperatively, considerable hemorrhage was observed in only a 
few animals, and in these the grafts were usually not successful, due to 
scarring of the graft and corneal opacity. Most grafts were hemor- 
rhagic for the first 5 to 7 days Several animals suffered infections 
of the cornea. A few of these were treated with instillations of 
sulfathiazole ointment in the conjunctival space, with marked resolu- 
tion of the superficial keratitis and conjunctivitis, but most of these 
animals had a residual haziness of the cornea. It was noted that 
however damaged a graft might look one or two weeks after operation, 
after one month it might eventuate as a successful take with little or 
no corneal reaction The cornea healed promptly in all but the few 
cases in which pieces of graft herniated into the corneal defect. In 
these there was marked infection. Once a successful take was estab- 
lished the animal required no further special care and, although the 
operated eyes appeared to have defective vision this did not seriously 
alter the animals’ general or mating behavior. The conclusion that 
vision was defective in the operated eyes is based on the observations 
that these animals were invariably found in their cages sitting with 
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the unoperated eye toward the room, and that they usually had suf- 
fered subluxation of the lens. 

For observation, the animals were strapped to boards in the supine 
position and covered with a towel to conserve body heat. The head 
was held in position and the eyelids retracted by the observer’s left 
hand. A large binocular dissecting microscope to which a lamp with 
a condensing lens had been attached was then swung into place over 
the eye and observations were begun. Continuous records were kept 
of all experiments with a watch and stop-watch, so that the time of 
onset and duration of any changes could be noted. Injections were 
given in the ear veins, which were usually prepared in advance by 
shaving the ear. These caused no fright response from the animals 
unless a duU needle was employed or an extravasation occurred. The 
majority of animals quieted down after the first few minutes of observa- 
tions and remained quiet and unresisting for the course of the experi- 
ments, some of which lasted as long as 150 minutes. On occasion 
violent struggling precluded observation for brief periods of time, 
but if this became too marked the experiment was discontinued. 

In the course of this study, all injections were made by the intra- 
venous route. Atropine sulphate was employed in 1% aqueous solu- 
tion. Amniotin in corn oil solution^ was given in amounts ranging 
from 150 to 500 i.u. 0.01 mgm. of stilbestrol, estimated to be equivalent 
to 250 i.u. of estrone, was given in corn oil solution. 220 i.u. of sodiqm 
estrone® was given in aqueous solution. AH injections were adminis- 
tered by an assistant, from a tuberculin syringe. 

Preparations for microscopic study were made by excising the eyes 
immediately after the animal was sacrificed and immersing them in 
Bouin’s fluid. With a 26-gage needle Bouin’s fluid was mixed with the 
vitreous humor by injecting small amounts of the fixative and with- 
drawing part of the vitreous. This was repeated until a high con- 
centration of Bouin’s fluid was obtained, without at any time collapsing 
the globe. The eye was then turned over and Bouin’s fluid similarly 

® The Amniotin employed in this study was generously provided by E. R. Squibb 

and Sons Inc. • j ^ 

® The estrone (Menformon) employed in this study was generously provided by 
Roche Organon Inc. as an aqueous solution of the sodium salt in a concentration 
of 1400 i.u. per cc. 
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injected into the anterior chamber. After 24 hours a large window was 
cut in the posterior hemisphere of the globe. This technique insures 
optimal fixation and maintenance of anatomical relationships. The 
blocks were imbedded in celloidin and paraffin for several weeks so 
as to minimize fragmenting of the cornea and then serially sectioned 
at 15 mu. 


APPEARANCE OF GRAFTS 

The particular shape assumed by the graft is not in any obvious 
way related to the shape of the tissue fragment implanted in the 
anterior chamber. Grafts implant in the iris or on the cornea or both. 
When implantation on the iris has occurred, contraction of the iris 
produces slight changes in the grafts which do not interfere with ob- 
servations. In all cases many blood vessels descend over the surface 
of the sclera toward the corneoscleral border adjacent to the graft, 
where the majority of them apparently penetrate the globe to supply 
the graft. Some smaller branches of capillary size extend in a network 
over the surface of the cornea in the region of the graft and, if this is 
near the corneal incision, to the corneal scar as well. Vessels are 
occasionally observed coursing in the iris toward the graft, but the 
bulk of the blood supply of the grafts appears to come through the 
scleral vessels rather than through the blood supply of the iris. 

The grafts themselves are made up of delicate looking tissue of an 
orange to pink color, whose free borders are clean and sharply defined. 
Many of the vessels can be clearly seen either on the surface or in the 
substance of the graft. In some grafts arterioles and venules are 
present but most vessels are of capillary size. In one large graft it is 
possible to observe the mouths of endometrial glands on the inferior 
free border. Fragments of uveal pigment are imbedded in some grafts 
and this pigment is often heaped up at the margins of the iridial attach- 
ment. Some of these features can be seen in Figure 1. 

As can be seen in Figure 2, the endometrium maintains its histo- 
logical integrity in the anterior chamber. The transition from surface 
epithelium of the endometrium to iridial or corneal epithefium is a 
gradual one and the stroma of the iris and endometrium tend to blend 
together at the margins of the grafts. Endometrial cysts of micro- 
scopic size are frequent. The m^mmetrium present in the graft is 




Fig. 1. Drawing Showing Portion of a Rabbit’s Eye with a Uterine Graft 
Implanted in the Anterior Chamber 

The cornea is unaltered except for the whitish area in the cornea at the extreme 
left. This is the healed scar of the incision made for the insertion of the tissues 
for grafting. The largest visible portion of the graft, which is orange in color, is 
applied to the internal surface of the cornea. The small rose-red area at the lower 
right side of the graft is the only visible surface free in the anterior chamber. At 
the right and left sides of the graft there are areas of fibrous scarring, yellow in 
color, which form part of its attachment to the iris. These scars distort the iris. 

The large vessels which run toward the graft in the superficial layers of the sclera 
give off numerous small lateral channels which run along the corneoscleral border. 
These in turn give rise to smaller branches which run into the cornea over the re- 
gion of the graft. 

In the center of the graft lie its main vessels, an anastomosing group which 
forms a rough figure-of-eight. These vessels travel in the superficial layers of the 
graft almost immediately beneath the cornea. They give rise to many smaller 
branches. Many of the capillaries visible in the graft do not appear to arise from 
this main group. Rhythmical vasoconstriction can be observed in the vessels of 
the graft itself in the absence of any alterations in the vessels of the sclera, cornea 
or iris. 
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al\va3'-s placed at the main site of attachment and blends into the sub- 
stance of the iris bj'' fibrous union. Mj'-ometrial bundles are readil}’- 
identifiable and readily distinguished from the iridial musculature 
by their position within the graft. The major blood vessels supplying 
the graft course through these bundles of myometrial fibers, as demon- 
strated in Figure 3. In some cases the bulk of the graft is found behind 
the iris where it could not have been observed in the intact animal. 

ACTIVITY OF THE GRAFTS 

In the process of observation for brief periods of time, only muscular 
and vascular activity can be observed. The growth processes of 
endometrium are not discernible. 

Muscular activity can be identified by the occurrence of visible 
contractions. Not infrequently these are of very slight amplitude 
and can be seen only when the graft is viewed from an advantageous 
angle. As has been noted, in most cases the vascular supply of the 
graft enters through the muscle bundles and contractions are followed 
by paling of the remainder of the graft. This paling proceeds from the 
area of attachment of the myometrial fibers to the iris to the rest of the 
graft, making it appear as if the arterial supply were completely oc- 
cluded but the venous drainage at least partially free so that all blood 
rapidly empties out of the graft. These muscle contractions last from 
20 to 45 seconds and the paling of the graft a corresponding length of 
time. Once the behavior of a particular graft becomes familiar to the 
observer, it is possible to identify contractions without observing the 
movement which they produce. 

^^ascular activity also occurs spontaneously in mature animals 
with intact ovaries, in the absence of heat or mating. Every 45 to 
120 seconds the vessels of the graft fade out of sight for periods of 5 
to 20 seconds. The fading is not accompanied by any visible muscular 
contraction. This paling does not appear to be initiated in any par- 
ticular area, nor does it affect all the capillaries in the graft completely, 
so that there is always some residual orange-pink ground color remain- 
ing in the graft. During the phase without vasoconstriction, there is 
no fluctuation in the caliber or number of patent vessels, so that in 
fact there is no blush. The rhythmical vasoconstrictions continue at a 
rate of about 30 to 60 per hour for as long as observation is maintained. 
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The phenomenon involves only the intrinsic vessels of the graft and 
does not affect iridial or scleral vessels related to the graft. 

In response to fright, the vessels of the graft undergo intense vaso- 
constriction which results in a bloodless deathly white appearance in 
the graft. This persists for 10 to 25 seconds and also affects, to a lesser 
degree, the vessels at the corneoscleral margins. It is usually accom- 
panied by a muscular contraction whose characteristics differ in no way 
from those described for the spontaneously occurring contractions 
except that the fright contraction is occasionally more intense or more 
prolonged. There is no rhythmical pattern to the vasoconstrictions of 
fright. On the basis of these characteristics they can readily be 
distinguished from the rhythmical vasoconstrictions. 

In certain grafts, both muscular contractions and rhythmical vaso- 
constrictions are present. Often the myometrial phenomena occur 
at 5 minute intervals and the more frequently occurring vasoconstric- 
tions can be identified. Of course, if a muscle contraction immediately 

Fig. 2. Cross Section of a Uterine Graft in the Anterior Chamber of 
Another Rabbit’s Eye (R5-200), Stained with Hematoxylin, Eosin 
AND Phloxine Aim Enlarged 20 Times 

The margin of the sdera is at the right. The cornea runs across the remainder 
of the upper portion of the photograph. Two corneoscleral vessels can be seen 
just under the bulbar conjunctiva at the right. The low cuboidal epithelium of 
the iris covers the entire posterior border of the iris and the graft and blends into 
the darker staining ciliated columnar epithelium of the uterine graft at the left. 
This uterine epithelium forms typical endometrial glands supported by endometrial 
stroma in the portion of the graft to the left. It also forms one large and two small 
cystic spaces. Just to the left of the center of the photograph there is a large 
group of myometrial bundles through which the main arterial channels of the 
graft pass. These may be seen more clearly in Figure 3. 

Fig. 3. Van Gieson Stain of a Section (R5-204) Adjacent to the One in 
Figure 2, Enlarged 100 Times 

The deeplj' staining fibers of the cornea run across the top of the photograph. 
The uterine epithelium which lines the cj'stic areas is columnar and in some places 
its ciliated border can be made out. In the center of the photograph the brown 
staining smooth muscle fibers of the myometrium form bundles which encircle at 
least three small arteries. Several small veins are present at the peripherj’ of the 
group of myometrial bundles, encased in fibrous tissue. These vessels form the 
vasculature of the uterine graft. 
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precedes vasoconstriction there is no way, with present techniques, 
of being certain that the latter has occurred. For that reason, in 
keeping the protocols of these experiments, all paling of the graft 
which was preceded by visible myometrial contraction was regarded 
as a muscle response only. 

A few grafts exhibit vasoconstrictions at one time and myometrial 
responses at another. In addition, when two grafts are present in 
the same eye, one may exhibit muscle contractions and the other 
vasoconstrictions. It is therefore necessary to observe each graft 
carefully during a control period to determine its physiologic status 
before administering any substance. 

RESULTS 

Effect of Atropine. The effect of atropine is entirely dependent 
upon the type of physiologic activity present in the graft at the time 
of administration. In the doses employed, atropine acts to slow or 
halt endometrial vasoconstrictions, whereas it has no predictable 
effect on myometrial contractions. As can be noted in Table I, 
there is no direct correlation between dose and the degree or duration 
of effect of atropine on vasoconstrictions, except that the larger doses 
appear to be slightly more effective. The greatest and least percentage 
changes were obtained with the same dose. The effect in general 
begins to wear off within ten minutes of administration of the drug, 
but complete cessation of vascular activity for periods as long as 
45 minutes is observed. 

During the periods when vasoconstrictions are halted, the vessels 
have an engorged appearance but additional vascular channels do not 
appear to open, and it may well be that the appearance of engorgement 
is simply due to the striking contrast of inactivity with the periodic 
constrictions which are observed before atropine. The fuU effect of 
estrogens is strikingly different. 

The blood vessels of grafts which do not manifest either vascular 
or myometrial activity are not affected by atropine. 

The effect of atropine on myometrial contractions in intraocular 
transplants is quite unpredictable. As may be seen in Table II, 
it may produce decrease or increase in the rate of contractions. These 
effects are not dependent upon the size of the dose. Except for changes 
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in the rate of contraction, the appearance of the grafts is in no wise 
altered, and the vascular phenomena described in grafts manifesting 
rhythmical vasoconstriction are not observed. 

Efect of Estrogens. There are no significant differences among the 
estrogens employed in their effects on vasoconstrictions and contrac- 
tions. Shortly after the administration of the hormone, the vaso- 
constrictions begin to decrease in frequency until at the end of one hour 

TABLE I 


Efect of Atropine on Endomelrici Vasoconslrulions in Intraocular Transplants 


DOSE OF 

NO, OF 

DATE 

CONTROL— IS UDJ. 
PERIODS* 

RESULT— CONSTRICTIONS 

PER HOUR* 

ATROPINE 

RABBIT 

Constrictions 
per hour 

First IS mins. 

Second ISmins. 

mgm. 






0.6 

41 

Aug. 13 

32 

8 

8 


41 

Aug. 14 

36 

12 

12 


41 

Aug. 19 

32 

8 

8 


41 

Aug. 20 

40 

4 

16 

2.0 

41 

Aug. 21 

44 

20 



41 

Aug. 23 

56 

0 

12 


39 

Sep. 10 

48 

4 

28 


39 

Oct. 18 

56 

16 

44 


39 

Oct. 24 

60 

8 

28 

4.0-6.0 

41 

Sep. 13 

48 

4 

20 


5 

Oct. 21 

24 

0 

0 


5 

Oct. 15 

36 

0 



39 

Sep. 19 

60 

0 



39 

Oct. 9 

72 

20 

52 


39 

Oct. 29 

52 

24 



* Id each experiment the data given represent consecutive periods during continuous 
observation. 


vascular activity has virtually ceased. With amniotin, this effect 
begins to wear off after one and one-half hours, but with sodium estrone 
and stilbestrol it persists for as long as three hours. This effect is 
presented in graphic form in Chart lA. Coincidently with this slowing 
of rhythmical vasoconstrictions there occurs a gradual dilatation of the 
vessels and the appearance of new channels, so that at the peak of 
hormone effect the graft has an intense rose-red color which provides a 
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Striking contrast to the unaltered appearance of the vessels of the 
adjacent corneoscleral bprder. This engorgement is observed, in 
much less striking form, in grafts which have not manifested endome- 
trial vasoconstrictions during the control period. Estrogens do not 
appear to influence the rate, duration or intensity of myometrial con- 
tractions during the course of these acute experiments. 

TABLE II 


Effect of Atropine on Myomdrial Contractions in Intraocular Transplants 


DOSE OP 
ATEOPINE 

NO. OF 
KABBIT 

DATE 

CONTKOL— IS UIN. 
PEMOD* 

\ 

EESULT — CONTBACnONS 

PEE HOUE* 

1 

Contractions 
per hour 

First IS mins. 

Second IS mins. 

mgm. 






0.6 

14 

Aug. 14 

36 

28 



14 

Aug. 20 

28 

28 



31 

Oct. 31 

60 

32 

40 

2.0 

14 

Aug. 26 

40 

36 



31 

Oct. 18 

36 

16 

24 


39 

Oct. 24 

8 

16 

8 


41 , 

Oct. 22 

24 

0 

4 


5 

Oct. 30 

40 

28 

32 

4.0 

5 

Oct. 21 

16 

0 

4 


12 

Oct. 21 

16 

12 

20 


14 

Aug. 28 

32 

44 

24 


31 

Oct. 24 

32 

24 

36 


35 

Oct. 24 

’ 44 

44 



41 

Oct. 30 

40 

12 

28 

6.0 

14 

Oct. 4 

24 

28 

^ 24 


41 

Oct. 2 

20 

16 



12 

Oct. 30 

24 

16 

12 


35 

Oct. 31 

40 

32 

44 


* In each experiment the data given represent consecutive periods during continuous 
observation. 


Influence of Atropine on the Effect of Estrogens. The administration 
of large (4 to 6 mgm.) doses of atropine prior to, simulatenously with 
or subsequently to the administration of estrogens in no way alters the 
effect of the latter on endometrial vasoconstrictions. This relationship 
may be seen in Chart IB, which illustrates three experiments in which 
atropine produces its expected effect of slowing vasoconstrictions 
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CHART lA 



Chart I. Chart lA demonstrates the delayed effect of three estrogens in reduc- 
ing the rate of endometrial vasoconstrictions. Chart IB demonstrates the im- 
mediate reduction in the rate of vasoconstrictions due to atropine. Administra- 
tion of estrogens intravenously ten minutes after atropine then produces the same 
delayed effect seen in lA, at about the same time. Begiiming recovery from the 
atropine can be observed in the second ten minute period in IB. Administration 
of atropine alone does not produce the delayed effect demonstrated in IB, 

The dose of estrogens employed in this group of experiments varies from 150 
to 500 i.u. of estrone. The majority are about 250 i.u. (0.01 mgm. of stilbestrol). 
The dose of atropine is 4 to 6 mgm. The arrows indicate the time of intravenous 
administration of the drugs. The abscissa is divided into consecutive 10 minute 
periods. Each point plotted represents the average number of vasoconstrictions 
observed in each time period, expressed as vasoconstrictions per hour, as indicated 
on the ordinates. 

and, while this is at its maximum, amniotin is given. As the atropine 
effect is waning, estrogen effect is waxing, thereby producing a plateau 
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for a brief period. The cessation of rhythmical activity and the 
vasodilatation which mark estrogen effect appear at about the time 
they would be expected to do so without atropine effect. The con- 
tinuing physiologic action of atropine may be noted by the mydriasis 
which persists for 18 to 48 hours in these animals. 

DISCUSSION 

In the course of this investigation, many of the observations of 
Markee (3, 4, 5) and Neumann (6, 7) on the physiology of intraocular 
endometrial transplants in the rabbit have been confirmed.^ Perhaps 
the most frequently discussed of these is the “b^lush and blanch” 
phenomenon. This rhythmical paling of the endometrium in the 
eye grafts also occurs in primates, and since menstruation is preceded 
by a period of ischemia a relationship between the “blush and blanch” 
and the menstrual process has been suggested. “Blush and blanch” 
is an unfortunate epithet for the phenomenon because there is no 
phase of vasodilatation. On the other hand, rhythmical paling de- 
scribes what is actually observed. 

The entire blood supply of the endometrium passes through the 
myometrium. It is obvious that contractions of uterine muscle will 
therefore reduce endometrial blood supply when the pressure they 
exert exceeds the diastolic pressure within the myometrial arteries. 
Nevertheless, in the present study rhythmical paling of endometrium 
has been observed in the absence of visible myometrial contraction. 
It is possible that this paling is due to changes in myometrial tonus 
without perceptible contraction but the remarkable cessation of 
activity in the endometrium in response to atropine makes this un- 
likely. The phenomenon appears to be intrinsic in the endometrial 
vessels and has therefore been designated as rhythmical vasoconstric- 
tion. In the intact uterus, rhythmical paling is due to rhythmical 
myometrial contraction and to rhythmical vasoconstriction. The 
concept of endometrial activity as separate from myometrial activity 
may be of value in the experimental analysis of events, as it has been 

^ See also Jacobsen, E. M. : Response of intraocular endometrial implants to 
estrogens^in the female rabbit. Endocrinology, 34: 376-388 (1944), for a discus- 
sion of the effects of estrogens over longer periods of time than those considered 

here. 
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here, but caution must be exercised in applying it to uterine phenomena 
in the living animal. 

The present observations of the unpredictable effect of atropine on 
myometrial behavior confirm previous studies of uterine motility in the 
rabbit. They also indicate that intraocular transplantation makes 
possible the observation of muscle behavior without the imposition 
of work upon the muscle. In conventional physiological experiments, 
muscle exerts force against a load in the process of making records. 
In the anterior chamber no such load exists, yet accurate quahtative 
observation is simple. In this laboratory, the oxytocic effects of 
certain antihistaminic substances were initially noted in intraocular 
transplants and later confirmed by conventional techniques (2), 

The failure of atropine to inhibit the action of estrogen upon endome- 
trial vasoconstrictions appears to negate the so-called cholinergic 
concept of estrogenic effect on the endometrium. Pompen in 1933 
(8), observing the intact rabbit uterus through a window in the 
abdominal wall, noted that the administration of small amounts of 
estrogen, in the same dose range as those used in the present study, 
caused vascular stasis and dilatation. He further noted that this 
effect was prevented by the prior administration of atropine intra- 
venously. Reynolds, in a series of publications (9, 10, 11, 12), an- 
alyzed the changes in the acetylcholine content of the castrate rabbit 
uterus following the administration of small amounts of various 
estrogens, and found that there was a marked rise in acetylcholine 
after every estrogen except stilbestrol. Emmens’ (1) subsequent 
inability to confirm this may have been due to differences in technique 
of determining acetylcholine. Soskin, Wachtel and Hechter (13) 
later assumed, on the basis of Reynolds’ findings for the whole uterus, 
that estrogen effect on endometrium was due to acetylcholine. Pom- 
pen, however, was not observing endometrium, nor did Reynolds 
assay the layers of the uterus separately. In the present study it 
has been found that the effect of atropine on endometrium is identical 
with that of estrogens in halting rhythmical vasoconstrictions and in 
failing to affect myometrial contractions in any predictable manner. 
Atropine does not inhibit the effect of estrogens on endometrium, 
despite the fact^that it is a powerful acetylcholine inhibitor. Further- 
more, stilbestrol, which Reynolds found does not cause a rise in ace- 
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tylcholine content of the castrate rabbit uterus, produces an endome- 
trial effect identical with that of sodium estrone and amniotin. It 
seems likely that Reynolds was measuring changes in acetylcholine 
in the myometrium only, especially since myometrium forms the bulk 
of the castrate rabbit uterus. Unless these effects are a species peculi- 
arity of the rabbit, the acute effect of estrogen on the endometrium 
is not mediated by changes in endometrial acetylcholine. 

SUMMARY 

1. The physiological activity of uterine tissues can be observed in 
intraocular transplants. Endometrium maintains its histologic in- 
tegrity in grafts and myometrium grows at the main site of attach- 
ment in bundles surrounding the vascular supply of the endometrium. 
Myometrial contractions can be identified by the motion and the 
occlusion of blood supply which they produce. The blood vessels 
of the endometrium undergo rhythmical vasoconstriction in non- 
pregnant mature animals. 

2. In the rabbit, atropine causes a slowing or cessation of endome- 
trial vasoconstrictions but does not predictably affect contractions of 
myometrium. Estrogens produce a slowing or cessation of endometrial 
vasoconstrictions and a dilatation of endometrial vessels but do not 
affect myometrial contractions. The administration of atropine does 
not alter the endometrial responses to estrogens regardless of time 
relationships. 

3. These observations necessitate revision of the cholinergic concept 
of the effect of estrogens on the endometrium. 

The histological sections were prepared by Mr. Joseph P. Drane 
and photographed by Mr. Chester Reather. The drawing was 
prepared by Mrs. Jeannette M. Whitehom. 
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1. REQUIREMENTS OE A TOKODYNAMOMETER 

Uterine inertia is one of the chief problems facing the obstetrician 
today. It is a condition which is recognized only by its occurrence 
since there is nothing in a cUnical history which presages its imminence. 
Uterine inertia, however, presents but one aspect of a general problem 
which confronts the obstetrician, namely, that of uterine dyskinesias 
during labor. These include the clinically recognized dystocias, con- 
traction rings, and prolonged t 3 ^es of labor. The identification of 
these clinical entities is still a matter of clinical recognition as they 
occur. No physiological basis has yet been established for them, 
This is, accordingly, an important field for clinical and physiological 
investigation. 

Perhaps the greatest lack in our knowledge of these conditions is 
that of a description of the basic patterns of uterine contractility in 
women before and during labor. A method is urgently needed which 
will enable us to visualize the origin and spread of the uterine con- 
tractions in order that we may associate different contraction types 
with different clinical conditions. This paper contains a description 
of an apparatus which makes this possible. 

It is true that much is known concerning the comparative aspects of 
the activity of the uterus in labor. This subject was extensively re- 
viewed eight years ago (Reynolds, 1939). There have been numerous 
studies of motility of the human uterus during labor, in addition to 
comparative studies. These are of three types: namely, (a) those 
concerned with direct measurements of intrauterine pressures (Schatz, 
1871-72, Rucker, 1922, Woodbury, Hamilton and Torpin, 1938, and 

^ A preliminary note on the tokodynamometer appeared in Science for Oc- 
tober 31, 1947 (Reynolds, Heard and Bruns). 
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others); (b) those concerned with measurement of the frequency of 
uterine contractions from the exterior of the abdominal wall by means 
of a single tokograph. All such units thus far used are so made that 
they record the activity at only one point. The Lorand tokograph 
employed extensively by Murphy (1946) is the tokograph most favored 
in recent years. The third method (c) is that of electrometric measure- 
ments of uterine action potentials. This method has not proved to be 
satisfactory in so far as the gravid uterus is concerned (Dill and 
Maiden, 1946). 

The difficulty inherent in the foregoing methods is that they fail to 
yield information concerning the origin and spread of the uterine con- 
tractions. Instead, theygive limited information concerning theexpul- 
sive force of the uterus or the frequency and duration of the contrac- 
tions at a single point. 

The ideal method would combine these features into one unit. The 
instrument described in this communication is the result of an attempt 
to design such an instrument. It is characterized by ease of operation 
and simultaneous multichannel electrical recording through the ab- 
dominal wall from three separate parts of the uterus. No photo- 
graphic, ink-writing or kymographic procedure in the usual sense is 
employed. Instead, the instrument described below and shown in 
figure 1 records electrically on a single piece of moving paper the uterine 
activity during the latter months of pregnancy. The principle em- 
ployed involves application of the strain-gage dynamometer to direct 
electrometric recording through frictionless writing. The key to this 
method is the specially devised pick-up which makes it possible to apply 
a strain-gage of known characteristics to the abdomen. Since three 
records are obtained on a single piece of paper, it is possible to measure 
simultaneously the characteristics of single contractions ( (1) con- 
traction-time, (2) relaxation-time, (3) contraction-rate, (4) force ap- 
plied through the abdominal wall on the pick-up to the active element 
of the strain-gage), and to compare the time relations of any part of 
one contraction with the activity at either of the other two points 
simultaneously. 

2. NAME OF RECORDING UNIT 

The unit just described has been named a tokodynamometer . This 
word is taken from Websters’ New Unabridged Dictionary. The 
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word is a compound one derived from the two following roots: toko 
meaning “pertaining, to birth”; dynamometer, indicating “measure- 
ment of force.” While the complete descriptive name of multiple 
channel tokodynamometer is cumbersome, it lends itself to abbrevia- 
tion by the convenient letters TKD. The records obtained on the 
TKD are tokodynagraphs, or TKGs. 



Fig. 1. Photograph of Tokodynamometer: Three Strain Gage Pick-ups, 
Po^vER Supply (Right Rear) and Frictionless Electrometric 
Writing Unit (Left) 

3. CONSTRUCTION 

■ The several parts of the TKD now in use by us are as follows: Strain 
gage pick-ups. Statham strain gage dynamometers (Statham Labora- 
tories, Los Angeles), either model YE-4-250 or model Gl-4-250, are 
used. These yield maximum electromotive output with 4 ounces of 
pressure. The maximum movement of the pin and active element of 
gage is ±0.0015 inch. The dynamometer has relatively high fre- 
quency characteristics and the output is linear with the stress applied. 

The YE model was first used as the only available dynamometer 
suitable for our purpose. It is the one shown in the illustrations. It 
has been replaced for several reasons however by the G1 model which 
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either the metal of the bar above or the paper beneath. The TKD is, 
therefore, a direct-recording frictionless writing system. The instru- 
ment is so sensitive that the top of the recorder is enclosed in a plastic 
case during operation of the instrument in order to protect it from air 
currents. 

The records of uterine contractility consist of a series of fine holes 
burned through the paper under each nichrome tip according to its 
position at the instant of sparking. This position depends upon the 
amount of pressure applied to the plunger, up to the maximum limit of 
the gage. 

Other types of recorders obviously can be used with the pick-ups 
which we have devised. For example, it has been ascertained that 
an ink-writing, two-channel magnetic oscillograph recorder made 
by the Brush Development Company, Cleveland, works as well as 
the one described above except that it has one less channel. It con- 
sists of one DC amplifier for each channel (number BL 913) and one 
double channel magnetic oscillograph (number BL 202) modified by 
adding a slow speed motor (10 r.p.m.). 

Poiver supply and control. Two systems of supplying current input 
to the strain gages have been used satisfactorily. In both, the input 
is derived from a 6 volt A battery. In the unit shown in figure 1, 
the current is controlled by a 200 ohm variable resistance, a 0 to 50 
milliammeter and a snitch. The output from each gage goes directly 
to one of the microammeters on the recorder. In the second control 
circuit, the wiring diagram for a single circuit of which is shown in 
figure 5, additional features were supplied by the Statham Laboratories. 
These features simplify the standardization and zero adjustment of 
the circuit. The zero adjustment potentiometer is used in our TKD 
to set the needles of the galvanometers at a setting of — 14. In this 
way, distortion of the record resulting from the radius of curvature of 
meter needle is minimized. Operation of the standardizing circuit is 
so designed that it causes a deflection of the microammeter needle 
equal to one-half the maximum output of the gage. That is to say, 
a deflection is obtained which is equal to a pressure of two ounces on 
tlie pin of the strain gages used in the TKD . By this means the sensi- 
ti\aty of each channel can be adjusted to match the sensiti^dty of the 
otlier two. 
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The power supply for the Brush Magnetic Oscillograph, when used as 
part of a TKD, differs from the foregoing in that it does not have a 
zero adjusting mechanism since this is incorporated in the DC ampli- 
fier. Sensitivity control is also available in the amplifier, but the 
standardizing switch for half the gage output is retained for purposes 
of electrometric calibration. 


Input 

Potentiometer 



Switch 


Fig. 5. Wiring Diagram, Schematic, of the Connections in a Single 
Channel of the Tokodynamometer 

Details of the power input control were supplied by the Statham Laboratories. 


4. OPERATION 

In operation, the tokodynamometer is mounted on a movable table 
in order that it may be wheeled near the bedside of a patient. 

The patients are normally in a supine position for recording, although 
records have been obtained from patients lying on their sides. In 
some instances, when vomiting, retching, or straining occurred, the 
records of uterine activity have been little disturbed, and then only 
during the period of greatest bodily activity. If records are to be made 
from the lower uterine segment, the bladder of the patient should be 
emptied. In very hot weather, it is necessary to wipe perspiration 
from the abdomen with alcohol immediately prior to application of the 

pick-ups. , 

When recording, the gages are secured to the abdomen at the sites o 
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choice simply by coating the underside of the brass ring of the pick-up 
Math double coated Scotch masking tape, one-half inch ivide, as men- 
tioned before. This tape is applied to the ring by taking a six or seven 
inch length of tape from a dispenser, applying a short length along the 
under surface of the ring, turning the tape over diagonally to fit the 
curve and laying dowm a second short length along the surface. This 
process is repeated until the entire under surface has been circled once 
and so is completely coated with tape. 

The position the gages will occupy on the abdomen is determined 
after noting the size, shape, and position of the uterus. A record of 
this is kept in the following manner ; Each pick-up is placed in one of 
nine .standard positions on the abdomen. The distance from the sym- 
physis pubis to the highest point on the fundus is measured and divided 
into thirds. These three transverse areas are in turn divided into three 
more by measuring five centimeters on each side of the mid-line of the 
uterus. Since the brass rings are seven centimeters across, they fit 
\vith about one-and-half centimeters on each side when placed in the 
middle of one of the rectangular areas. The standard areas across the 
top (fundus) for recording TKG’s are designated A, B, and C. Next, 
across the middle of the uterus, D, E, F and across lower uterine seg- 
ment, G, H and I. The advantage of employing these fixed areas is 
that it is possible to classify the data for statistical analysis. In addi- 
tion, the distance from the top margin of the symphysis pubis to the 
costal margin directly cephalad is noted. After attachment of the 
pick-ups, the plungers are adjusted so that the needle of each micro- 
ammeter is just slightly deflected. At this point, the radius of curva- 
ture of each of the needles is recorded by sparking on a stationary paper 
as the paper-speed switch is set in the neutral position. One or two 
uterine contractions or manual pressure on the pin of the strain gages 
nill suffice for this. The sensitivity of each channel is fixed to match 
the others by adjustment of the different input currents in the three 
channels. With the recorder set to operate at either of the desired 
paper speeds, turning of a single snatch on the recorder starts the paper 
moving and the sparking mechanism begins to record. Records lasting 
for periods of time up to four hours and more have been obtained with 
minimal inconvenience to the patient. During the recording period, 
the patient may talk, cough, or even change her position somewhat 
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mthout interference to the record of uterine contractions. More- 
over, routine rectal and vaginal examinations may be carried out as 
well as catheterizations without affecting the record appreciably. The 
deflections of the galvanometer needles associated with such activities 
are very transient, or they cause merely a slight shift in the base line. 
The rhythm of coordinated uterine activity continues without real 
interruption, and may be both observed or felt by palpation to coin- 
cide with the record obtained on the TKD. 

TABLE I 

List of clinical data included on two hand-stamps which are stamped on each TKD tracing 

as a matter of record 


In addition, an outline of the female torso is stamped on each tracing and the locations 
of the gages are indicated on this in accordance with the nine areas shown in figure 6. 


Name 

Admitted 

Age 

Onset L. 

Hist. No. 

Membr. 

Date 

Bleeding 

Race 

Toxemia 

Ht. Wt. 

T. P. R. 

Parity 

Sts. Rh. 

L. M. P. 

Pelvis 

E. D. C. 

Pelvimetry 

Dur. Wks. 

F. H. 

Hist. & Rs. 

Est. F. Wt. 

Exam. 

Anes. 

Hour 

Delivery 

Pres. Part. 

Duration 

Membr. 

Child Wt. 

Dil. 

Add. Notes 

EfI. 


Pains. 



The limitations of this method found thus far are that it does not 
lend itself well to use in very obese patients, and that it does require a 
limited amount of cooperation on the part of the patient. The latter 
may be assured in prolonged observations during labor by administer- 
ing caudal anesthesia. 


5. RECORDS 

CUnical data. AU pertinent clinical data are summarized at the be- 
giiming of each tracing. The use of three rubber stamps facilitates 
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this. A stamp of the torso makes it possible to draw in proper propor- 
tion and position the outline of the uterus. The positioning of the 
pick-ups is similarly marked in the manner described above. The 
other two stamps permit easy tabulation of all pertinent clinical data 
as part of the record itself. The abbreviations and symbols used are 




Fig. 7. Sample of an Unretouched TKG, Reduced about One-Half 
Note the series of fine holes which make up the tracings. Time intervals, 1 
minute. The effects of respiratory movements are seen, especially in the upper 
tracing. Top, fundus recording; middle, over the navel; bottom, lower uterine 
segment. 

the conventional ones employed in the records of the Department of 
Obstetrics, Johns Hopkins Hospital. 

Characteristics of tracings. Examples of sample records are shown in 
figures 7, 8, 9 and 10. In the first, a section of unretouched record is 
shown on a slightly reduced scale. The fineness of the holes which 
make up the three tracings does not permit photographic reduction. 
When it is necessary to reproduce any length of record photographically 
the record may be retraced by a ball point pen. This gives a clear 
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record which will stand very marked reduction, as shown in figures 8 9 
and 10. ’ 

Several features of these records require comment. The record, as 
we have seen above, is made by a series of holes burned by sparks dis- 
charged at half second intervals. Because of this the effect of arti- 
facts on the record is interesting. If the fetus kicks or turns, or the 




Fig. 9. The First Stage of Labor and Onset of the Second 
The first part of record was from 11:15 to 11:40 a.m. Cervical dilatation, 1 
centimeter. At 2:15 p.m. the cervix was dilated 5 centimeters. Pick-ups were 
placed on same spots as before. With full dilatation at end of record, note onset 
of reflex abdominal movements in all three tracings. 


patient coughs or moves, only one, two, or three single small holes are 
burned off to one side of the orderly series of holes which record the 
slower uterine movements. In the records obtained with the TKD 
described in this paper, it is difficult, therefore, to detect such artifacts. 
Only when they are sustained for a number of seconds are they easily 
discerned. 

The effects of respiratory movements are likewise of interest. Be- 
tween uterine contractions, when the indicators are near the base line. 



MULTI-CHANNEL STRAIN-GAGE TOKODYNAMOMETER 


461 



Record shows activity in the fundus at the bottom; in the middle of the uterus near the navel, and at the top, just below 
the navel in the lower uterine segment. Except for slight shifts of the last to a position nearer and nearer the middle pick- 
up, no change in the position of the strain gage was made. Observe the progressive subsidence of the activity at the mid-point 
of the uterus, so that at the end only the fundus is contracting forcibly. Cervix dilated I cm. at start, 2 cm. at end. Record 
terminated at 12:35 p.m.; spontaneous delivery at 3:09 p.m. Compare with figure 8. 
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contraction-characteristics of uterine contractions in a tracing is by simple inspec- 
tion. Much may be learned by this. For example, a trend in the change in the 
height (strength) of contractions may be evaluated approximately. The essential 
thing to remember in this, however, is that the records obtained by the method 
described in this paper yield limited information; they indicate the change in 
pressure (i.e., curvature) between the center of the brass rings of the pick-ups and 
the circumference of the holes in the rings. Consequently, it is difficult to see how 
any estimate of changes in tonus may be recorded. 

A more quantitative way of evaluating the different features of the tracings has 
been devised. It involves the use of an easily constructed board and a flat piece of 
Lucite, 6x9 inches in width and length respectively. As mentioned before, 
simultaneous ordinates are laid down in the three channels on the stationary 
paper. This is to provide a record of the radius of curvature of each of the writing 
arms and to indicate the position of the time marker at the same time. When 
the record is ready for study, it is laid flat on the calibrating board with the bottom 
edge of the paper flush with a raised edge at the bottom of the board. The Lucite 
sheet is then placed over the paper, its bottom edge held firmly against the raised 
edge of the board. Lines are drawn with a glass-writing wax pencil over each of the 
simultaneous ordinates on the tracing. Cross marks are placed on these at 5° 
intervals for the radius of curvature of each ordinate. This distance has been 
found in our TKD to be equal to a force of 10 grams applied to the pin of the gage. 
Either a mark is made over the location of the time marker for the simultaneous 
ordinates, or the edge of a small cut-out in the Lucite is held at the time mark 
which is made when the simultaneous ordinates are laid down. It is then possible 
to analyze certain features of the tracings of the tokodynagraphs in the following 
manner: 

(1) Intensity of contractions. The point on a particular ordinate at which the 
uterine contraction commences is noted. The piece of Lucite is then moved to the 
right until the peak of contraction is reached, the paper and the Lucite being held 
firmly against the bottom edge of the calibrating board. The distance on the 
ordinate between the first and the second point shows the force exerted against the 
pin of the strain gage. As mentioned, this may be read in grams of force. 

(2) Contraction-time. This may be determined by marking on the time line 
of the paper the moment of onset of a contraction, using the simultaneous ordi- 
nates on the Lucite sheet as a guide and the moment corresponding to the peak of 
the contraction. The distance between these in minutes or fraction thereof may 
be estimated with a fair degree of accuracy. For this determination, it has been 
found that the paper speed at the time of recording should be at least one inch per 
minute. 

(3) Contraction duration. This feature may be determined by similar use of 
the calibrated simultaneous ordinate marker described above. The appropriate 
distance along the time line from the beginning of contraction to the relaxation 
phase are noted in the same way that the contraction time is determined. Our 



TABLE II 

Analysis of the records shown in figure 10 

Spontaneous delivery, duration 13 hours. Record begun 6 hours before delivery. Cervix dilated 1 cm. At end of third time period 
shown in table (after 49 minutes of recording) the cervix was dilated 2 cm. Position of gages: B, midfundus position; D mid uterus, right 
of center; H, mid lower uterine segment. See text for system of placing the gages on the abdomen. 
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experience to date suggests that the relaxation time is probably of little significance. 
The reason is that, while the contraction phase is due to displacement caused by 
the uterine contraction, the relaxation is made up of readjustment of abdominal 
viscera upon cessation of the uterine contraction. The curve of relaxation is com- 
plex, frequently consisting of an initial quick component and of a slow phase of 
very irregular outline. 

(4) Contraction rates. The slope of the contraction phase is determinable as 
follows: the height of the curve, in arbitrary units or in grams, is divided by the 
contraction-time or the relaxation-time, respectively. In this way, the rate of 
contraction may be compared during a record and in different parts of the uterus 
simultaneously. Thus the degree of dissipation of the contraction may be judged 
very easily in a quantitative manner. 

e) Gradients of activity. These may be determined very easily and accurately 
by the use of the Lucite calibrating device described above. The reader ma y be 
assured that it is impossible to determine gradients of activity by simple inspection 
of the record. The procedure we have adopted is as follows; 

The moment of onset of contraction in channel iJ! 1 is noted on the time abscissa. 
Similarly, the corresponding contraction in channels ^2 and ^3 is noted. The 
differences between these several points indicate the time required for uterine con- 
traction to travel from one gage to the other two, in order. Similarly, gradients of 
relaxation also may be determined in this way. By appropriately placing the 
pick-ups on the abdomen and keeping a careful record of the position with the aid 
of the rubber stamp showing the outline of the torso, described above, it is possible 
to determine directly, and for the first time, the nature of the pattern of uterine 
activity in women before and at term and to correlate these positions with the sev- 
eral types of uterine dyskinesias and clinical courses of labor. Our experience to 
date suggests that the gradient of contraction exists, but that other aspects of the 
contraction curve of the uterus are more accurately determinable and just as useful. 

Examples of each of the above t3q)es of analyses are given in table II. These 
are data taken from a record (figure 10) of normal spontaneous delivery without 
complications. It is probable that, as additions are made to these data in the 
future, different values will be obtained since these will be based upon statistical 
analysis of data from many cases. The present data are offered merely as repre- 
sentative from an individual tracing while the work of gathering numerous data 
goes on. 

DISCUSSION 

Several points remain to be discussed in connection with tlie general 
aspects of the tokodynamometer and the records which it yields. 

In the first place, one may question in what way the records obtained 
with the TKD differ from those obtained with the Lorand tokograph. 
One might suspect that, except for the fact that the latter gives but 
one tracing and the former three, the tracings are essentially similar. 
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In a fundamental way, however, the two instruments difier markedly 
from each other. In the TKD, the pick-up shown in figure 2 and 
described in the text records the force transmitted through the abdo- 
men exerted by the uterus as it changes shape (i.e., the force behind 
the change of radius of curvature under the brass ring of the pick-up) ; 
in the Lorand tokograph the method of applying the unit to the ab- 
domen virtually precludes such localization of effect. It is held in 
place by means of a strap passed around the body. The instrmnent 
can be acted upon, therefore, by any force which tends to alter the 
length of the circumference of the body under the strap. Local uterine 
movements do dominate the situation, of course, but it is equally true 
that remote uterine effects as well as fetal movements, shift in fetal 
position, or other movement within the area circumscribed by the 
strap may affect the amount of pressure upon the lever of the toko- 
graph. This, in fact, is what we observed when we first applied our 
strain gage pick-ups with long strips of adhesive tape. By limiting 
the adherent surface of the unit to the under side of the brass ring, we 
procure changes in pressure on the active portion of the gage which 
are purely local in character, 

A second question which may have occurred to the reader, and one 
which certainly has been of some moment to the authors, pertains to 
the advantage of, or necessity for, three channels for recording. Would 
not two channels suffice? It is too early to give a final answer to this 
question. No doubt for many purposes, especially that of judging the 
effects of oxytocic and uterine sedative drugs, two channels may serve 
as well as three. Experience has shown us, however, that there are 
definite times when three channels yield information not available with 
two channels. For example, we have seen instances of strong, regular 
contractions in the uppermost part of the uterus and none in the lower 
uterine segment in the first stage of labor. This continued throughout 
the record, but it was associated with strong contractions in the mid- 
portion which underwent progressive diminution to quiescence as the 
first stage of labor progressed. Again, we have seen one instance in 
our limited series of observations, so far, of good dilatation of the cervix 
in a multiparous woman in which the whole lower half of the uterus 
was virtually inactive, and the labor was accomplished almost entirely 
by means of strong, regular contractions in the uppermost oortinn of 
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the uterus alone. When we have observed hundreds of cases instead 
of the five dozen which have been obtained up to the present tim e, a 
full, detailed account of the patterns of uterine contractions in different 
types of labor will be presented. It is evident already, however, that 
this will be made possible only by means of the three channel TKD now 
available. 

Still another advantage of the three channel unit is that it may well 
be adapted to somewhat different purposes. For example, it is entirely 
feasible to connect one channel with a balloon placed in the lower uter- 
ine segment during the first stage of labor and employ one of the Stat- 
ham pressure recording dynamometers (model P8, P6, or P23, with a 
sensitivity of 2.5 or 6.0 pounds per square inch) for activation of one 
microammeter. The other two channels may then be used for record- 
ing externally the activity of the uterus at two points. In this way, 
the contractility patterns may be correlated with the force which is 
dilating the cervix. 

In conclusion, a final word may be said concerning the technical as- 
pects of the construction of the TKD. The unit made for us by the 
Electro-Physical Laboratories serves our present purposes admirably. 
It has several inherent drawbacks, however: it is relatively large, it is 
delicate, and the meters are fragile. The records are large, on unlined 
paper, and are inscribed with a distorting radius of curvature. If a 
TKD is to be devised for general research, teaching, and clinical uses, 
it is desirable that it yield records which are rectilinear, on lined paper 
requiring no photographic procedure, and that the unit be compact and 
sturdy. The Brush Development imit described in this paper pos- 
sesses many of these features. It is only a two-channel recorder, 
however, and there is just as much distortion of the records from the 
writing levers as there is in our present TKD. It appears that a unit 
operating on the principle of the heat-writing, rectilinear magnetic 
oscillograph found in the Sanborn Viso-Cardiette would serve the 
purpose ideally, except that the unit must be modified to integrate 
with the direct current Statham gage. It should have slow speed 
recording and three channels instead of one. It will be worthwhile 
developing such a unit only if extensive results with the present pilot 
model indicate that there is a very wide range of usefulness for the 
TKD in many obstetric clinics. 
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SUMMARY 

1. An instrument has been designed to study the basic patterns of 
uterine contractility in women before and during labor. In principle 
it consists of application of strain-gage dynamometers to the abdomen 
with direct electrometric recording on an electric-spark frictionless 
recorder. The instrument is called a tokodynamometer or TKD. 

2. It has an advantage over previous instrmnents in that it permits 
study of the origin and spread of uterine contractions. Its construc- 
tion and operation are not complex. Three Statham strain-gages 
mounted on brass rings S cms. in diameter are secured to the abdomen 
by double-coated Scotch tape. The plungers are adjusted so that the 
microammeter needles will deflect with the onset of uterine activity and 
record by sparks which burn tiny holes in a specially treated heat- 
sensitive paper. 

3. The records (TKG’s) obtained can be analyzed for (a) frequency 
of contractions, (b) rhythmicity or regularity of contractions, (c) total 
relative work per unit period of time, (d) characteristics of contractions 
such as (1) intensity of contractions, (2) contraction time, (3) contrac- 
tion duration and relaxation time, (4) contraction and relaxation rates, 
and (e) gradients of activity. 

4. Because each pick-up records the force behind the change of 
radius of curvature under the brass rings, this three channel recorder 
allows a high degree of localization of effect. Hence the spread of the 
uterine contraction wave or its absence in certain parts of the uterus 
may be easily demonstrated. 
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INTRODUCTION 

The most widely used clinical method of studying the effects of 
anoxemia on the electrocardiogram consists of giving the subject 10% 
oxygen inhalation for twenty minutes and taking records during this 
period (la). This method of giving a gas with a constant oxygen con- 
centration is the successor to a previous test in which the subject re- 
breathed room air to become anoxemic (2a). The re-breathing test 
was abandoned because it was found that the oxygen concentration of 
the inhaled gas at the end of the re-breathing period might vary from 
13.5% to 6% (2b). The administration of 10% oxygen removed this 
important variation. This test has been used widely for the detection 
of coronary disease as determined by the electrocardiographic response 
and the patient’s subjective reaction (Ib-g). 

Review of the literature reveals, however, that there is a marked 
physiological variation, as measured by arterial oxygen saturation, 
among different individuals breathing 10% oxygen and also in the same 
individual under different circumstances. A recent study of thirty- 
six normal young men breathing 10% oxygen under basal conditions 
showed a range of arterial oxygen saturation from SO to 85% (3). In 
another instance in -which the same gas was used to study coronary 
function on thirty -seven subjects, the range in arterial oxygen satura- 
tion was 52 to 87%, with one subject reaching the low level of 35% 

^ Supported by a grant from the United States Public Health Service for the 
“Study of the Factors Which May be of Value in the Prediction and Prevention 
of Hypertension and Arteriosclerotic Heart Diseases.” 
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(Ic). Houston recently demonstrated the marked variation of tlie 
arterial saturation in the same individual inhaling the same gas, de- 
pending on the subject’s pattern of breathing (4). Using 10.5% 
oxygen, he showed a variation as great as 32% in arterial saturation 
(from 59% to 91%) in the same individual when respiratory minute 
volume was changed from 8.5 liters per minute to 18 liters per minute. 
With ordinary respiration this would be comparable to changing the 
oxygen concentration of the inhaled gas from 16% to less than 8% (3). 
Changes in the duration of time that a low oxygen gas is inhaled may 
also cause variations in the arterial oxygen saturation. Subjects 
placed in a decompression chamber at a simulated altitude of 18,000 
feet (approximately equivalent to 10% oxygen at sea level) had an 
average arterial oxygen saturation of 77% at the end of ten minutes 
and 71% after fifteen to thirty minutes (5). In summary, then, the 
present method of using 10% oxygen inhalation for twenty minutes to 
induce anoxemia may produce an arterial oxygen saturation varying 
from 50% to 85% in different subjects and in the same subject. 

Any procedure capable of producing the same constant level of 
anoxemia would therefore remove an important obstacle in the stand- 
ardization and further use of the “anoxemia test” of cardiac function. 
The purpose of this study is to describe such a procedure. The 
method consists of giving the subject a mixture of oxygen and nitrogen 
that wiU produce a constant level of arterial oxygen saturation as meas- 
ured by the Millikan automatically-compensated oximeter (6a, b). 
The oximeter is essentially a small bichromatic photoelectric colori- 
meter that is attached to the intact ear and measures continuously the 
arterial oxygen saturation. Its average accuracy, as determined by 
gas analysis of arterial blood, is (db) 3%. It has been used extensively 
in problems pertaining to aviation (7a, b, c, 5), and to clinical medicine 
(8a-g, 3, 4, 15, 16). 

This preliminary report is concerned with observations on normal 
subjects at levels of 85%, 80% and 75% arterial oxygen saturation 
The lower level was set at 75% for the following reasons; (1) It is the 
approximate average arterial oxygen saturation resulting from 10% 
oxygen inhalation (Ic, 3,5); (2) There is considerable cardiovascular 
stress at this point (3, 9); (3) It provides a safe margin before marked 
central nervous system symptoms appear (7b). 
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At the end of this period the subject was given pure oxygen until his 
arterial blood was fully saturated and then allowed to breathe room 
air. Control electrocardiograms were again taken. At the conclusion 
of the test, the ear piece was replaced on the standard filter and the 
instrumental and physiological settings checked. 

RESULTS AND OBSERVATIONS 

No major difficulty was encountered in producing a given level of 
arterial saturation. An important factor in attaining this was a 
smooth induction of anoxemia. This could be accomphshed if care 
was taken to induce anoxemia by decreasing the concentration of 
oxygen gradually so that the subject was not conscious of any change in 
inspired gas from room air. To do this, it was found that approxi- 
mately two minutes were necessary to reach a level of 85% arterial 
saturation and 3-4 minutes a level of 80% or 75%. It was also found 
that it was not difficult to maintain a particular level, once reached. 
It was necessary, however, to make frequent fine adjustments in the 
nitrogen flow rate throughout the 20 minute period of anoxemia to 
keep the arterial oxygen saturation within 1 or 2% of the desired level. 
Occasionally, there were rapid swings in the arterial saturation as 
great as 5% above or below the desired level. These rapid swings 
corrected themselves spontaneously within a few seconds without 
changes in flow rates of oxygen or nitrogen and usually were due to 
minor disturbances in the room, such as talking or opening of a door. 

The ability to produce and maintain any level of arterial oxygen 
saturation accurately depended more on the subject’s being at ease 
than on any other factor. In one subject (not listed in Table I), who 
was quite apprehensive, the arterial saturation varied widely from 75% 
to 90% within a few seconds when 85% was the desired level. The 
ability to administer the gas mixture with proper dexterity was no 
great problem and was mastered in one or two trials. 

The electrocardiograms were studied for any abnormahties, espe- 
cially as to changes in the RS-T segments and T waves (Table I). In 
each of the four subjects studied at the three levels of anoxemia, 85%, 
80% and 75%, no striking differences were observed between the vari- 
ous levels. Also, there were no marked differences noted between the 
electrocardiograms taken after 10 and 20 minutes of anoxemia. In no 
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instance was a positive test for coronary disease, as laid down by Pat- 
terson, Clark and Levy (Id) obtained. No abnormalities in rhythm 
or conduction were observed. 

The oximeter was found to give the same degree of stability at the 
different levels (Table I). The final “ear thickness”, “instrumental 
setting” and “physiological setting” did not vary more than 1-2 scale 
units from the initial readings. It can be said, therefore, that vaso- 
motor changes due to anoxemia (10) , and their effect on the ear thick- 
ness do not alter the stability of the oximeter in the range of 75-100% 
arterial saturation. 

There was no pain or discomfort experienced from the ear piece. 
None of the subjects had sjnnptoms at 85% or 80% arterial saturation. 
At 75% saturation, however, one subject (M. M.) complained of acute 
frontal headache after 10 minutes and another subject (T. S.) started 
sweating profusely after 10 minutes anoxemia. Both were promptly 
reUeved when brought up to 80% arterial saturation. No changes in 
blood pressure, pulse (Table I), or respiration, necessitating termina- 
tion of a test period, were enountered. 

DISCUSSION 

The importance of controlling the exact degree of anoxemia in any 
“anoxemia test” is apparent. The difference in cardiovascular stress 
at different levels of anoxemia has been demonstrated in normal human 
beings (3, 7a, c) and animals (11). It is especially important to be 
able to control the degree of anoxemia in looking for evidence of coron- 
ary disease. Variations in arterial saturations in current anoxemia 
tests may well account for frequent reactions (la, e, f), “false positives” 
in normals (Ig, 12), and high percentage (approximately 30-50%) of 
negative tests in persons -vvith presumptive coronary disease (Id, e, f). 
The possibihty of producing an arterial oxygen saturation as low 
as 50% in a subject with coronary disease, a situation quite possible 
with 10% o.xygen inhalation, may be prevented as the arterial satura- 
tion is known instantly at all times during the test. 

The method can be applied in anoxemia studies of coronary func- 
tion under other physiological situations, such as during the adminis- 
tration of carbon dioxide (Ic) or drugs (13). It can also be used in 
studying the effect of different degrees and duration of anoxemia on 
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With each advance in knowledge and experience, the horizon of the 
art and science of medicine is ever widening. The outlook is no longer 
limited to the sick-bed or consulting room but ranges over the social, 
economic, and industrial life of a nation and beyond into the wider 
expanse of international health problems. More and more it is evident 
that medical care and the promotion of health in modern civilisation 
are closely knit with social and economic factors of profound concern 
to the individual, the family, and the community. The scope of public 
health has expanded through the impact of the social environment to 
give rise to the conception of social medicine as a scientific subject 
which affords a common meeting ground for “preventive” medicine and 
“curative” medicine — terms which no longer can be definitive of seem- 
ingly separate branches of medical practice. War, with its imperative 
demands on manpower and production, brought home acutely the 
social and industrial implications of health and sickness. In peace, no 
less than in war, the relationship between health and working efficiency 
is of intimate importance to the individual and of prime significance 
to the national welfare. No nation today can afford to neglect the 
development of health measures designed to prevent or minimise in- 
capacity resulting from illness or injury. 

In the Department of Health for Scotland we have been engaged in 
several studies and experiments in some difficult and hitherto little- 
explored fields of social medicine which have opened up several prac- 
tical questions and point the way to further investigation. Prior to 
the war, our National Health Insurance Medical Service furnished a 
vast amount of information capable, after statistical analysis, of giving 
a measure of the extent to which ill-health and injury rendered people 
between ages 15-65 years unfit for remunerative employment. The 

* A De Lamar Lecture delivered at the Johns Hopkins University School of 
Hygiene and Public Health, October 28, 1947. 
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amount of incapacitating sickness disclosed became a matter of real 
concern and a challenge to all concerned with the public health. From 
1930 until the outbreak of war, the Department of Health for Scotland 
published yearly morbidity statistics relating to insured persons. Data 
were available to show age, sex, occupation, duration of incapacity, 
and the presumptive diagnosis. Unfortunately, these annual statistics 
became an early casualty of war when the staff became preoccupied in 
more serious affairs. 

I. A STATISTICAL STUDY OF SICKNESS 

For the year ending 30th June, 1938, (the last period for which de- 
tails are available), the insured population numbered 1.8 million (37 
per cent, of the total population)-. Incapacitating sickness lasting 
more than three days accounted for the loss of 25.9 million working 
days. Fresh cases of incapacity arising during the year numbered 

417.000. Excluding 44,000 cases of influenza (a disease which can 
profoundly affect sickness rates), the number of new incapacities was 

373.000, or 203 per thousand of the insured population. In addition, 
there were 31,000 persons unfit for work continuously throughout the 
whole year, representing 11.3 million lost working days (or 44 per cent, 
of the total lost time) . Many of these patients were no longer suitable 
for economic employment, and the ailments chiefly responsible were 
mental and nervous disease, rheumatism, and disease of the cardio- 
vascular and respiratory systems. In a country of about five million 
inhabitants these figures are of serious import. The returns for eight 
successive years brought the medical problem gradually into perspec- 
tive. As might have been expected, sickness rates and duration of 
incapacity increase with age in men and single women; the rates for 
married women are dominated by conditions associated with child- 
birth. What had not been appreciated hitherto was the amount of 
long-continued or “chronic” incapacity and the fact that between one- 
fifth and one fourth of chronic cases were under 35 years of age. 

With a broad measure of the problem to hand, further analysis was 
called for as a preliminary to determining what was necessary to mini- 
mise the amount of long-continued sickness. -From 1937-39 clinical 
data were obtained for over 50,000 patients in a review of all cases 
where incapacity lasted for three months or longer. The sample was 
selective as regards population and sex, and as regards the type of ill- 
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ness. Obviously fatal diseases were largely excluded from the analysis 
and, therefore, conditions such as cerebral haemorrhage and malignant 
disease appeared less frequently than they would in general statistics 
of morbidity. 

Of the first 7,000 patients specially investigated, approximately 53 
percent, were given a prognosis of early recovery; 22 per cent, were 
liable to recurring incapacity ; in 10 per cent, the incapacity would be 
prolonged but with reasonable prospect of return to some form of em- 
ployment; 15 per cent, (about 1 in 7) would not likely work again. A 
sample of 1,000 cases was analysed in some detail. Of these, at the 
time of examination, 85 per cent, were clearly unfit; about 4 per cent, 
were able for selected alternative employment. Of the unfit, 45 per 
cent, were under forty years of age, many of whom were liable to drift 
into a state of chronic incapacity; 10 per cent, were permanently dis- 
abled (1 in 9 of these were under forty years); in a further 11 per cent, 
the prognosis was doubtful with, at the best, an expectation of only 
limited or intermittent employment. 

Two-thirds of the sample had received hospital treatment either as 
in-patients or as out-patients. The general medical practitioners re- 
ported that lack of facilities hampered diagnosis or treatment in 124 
of the 1,000 cases, the chief obstacles being difficulty or delay in admis- 
sion to hospital or in securing psychological investigation and treat- 
ment. Specialist advice was considered necessary and obtained by tlie 
Regional Medical Officer of the Department of Health in 89 cases. 
A new line of approach in treatment was recommended for 350 pa- 
tients, including hospital admission in 48, psychotherapy in 47, change 
of work in 29, and return to work for psychological reasons in 16. The 
final diagnosis of the clinical condition responsible for prolonged inca- 
pacity showed that in the sample approximately 1 in 7 were disabled 
by rheumatism, 1 in 8 by cardiovascular disease (excluding cerebral 
haemorrhage), 1 in 8 by respiratory disease, and 1 in 10 by peptic ulcer 
or other digestive disease. Disablement through injury only accounted 
for less than 8 per cent., fewer than the proportion due to frank psycho- 
neurosis. The cases classified as psychoneurosis did not by any means 
exhaust the number in which there was a psychoneurotic element. 
One feature worthy of notice was the tendency in some patients for a 
sequence of illnesses such as lumbago — influenza — duodenal ulcer. 

This preliminary study of the immediate pre-war period, so very 
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briefly outlined here, furnished objective lessons which led to further 
experiments during the war, and which serve to direct and guide tlie 
post-war development of health measures. In the forefront is the 
importance of the volume of sickness among the working population 
and particularly at ages under forty years. Secondly, if we are to 
minimise the effects of sickness, and if we hope to conserve the working 
capacity of our wage-earners, the full resources of medical and surgical 
technique must be brought to bear upon our patients at an early and 
not at a late stage in illness. Thirdly, where early recovery is not 
forthcoming, a periodic review of diagnosis and treatment is called 
for, with close and sufficient cooperation between the personal physician 
and the specialist services. These formal deductions apart, however, 
there remains a challenge and a stimulus to a more intensive study of 
the natural history of disease — not merely its gross pathology but also 
the early and remediable stages of its evolution, the factors which 
predispose to it, and the circumstances which initiate it. In the field 
of industrial accident and injury, some headway has been made in the 
prevention of mishap and in the recognition of those termed the “acci- 
dent-prone.” The psychiatrists are adding to the understanding of 
the psychological factors which produce or complicate ill-health. Little 
or nothing, however, is known about the conditions which make for 
susceptibility to cardiovascular “accident,” to respiratory “mishap” 
or to the “misfortune” of rheumatism. With some precise knowledge 
of this kind, preventive medicine would truly add to its stature. 

n, AN EXPERIMENT IN PREVENTIVE MEDICINE 

A further stage in the study of fitness for work was begun early in 
1942 in an attempt to minimise breakdown in the health of war- 
workers. During World War I investigations into industrial accidents 
and fatigue showed that excessive hours of work lead to lower output 
and production, with increase in the rates of accident and general sick- 
ness. These lessons were seemingly forgotten in the early phase of 
World War II, although adverse conditions were intensified and in- 
creased by the weighty stresses of aerial warfare. As the aU-out day- 
and-night production drive developed and the tension of total war 
enveloped the civihan population, the prevention of breakdown among 
essential workers, especially those of younger ages, assumed a new 
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importance. Young war-workers, and, later, older adults on essential 
work, whose general health gave cause for concern to their family 
physician, were given special clinical examination and, where neces- 
sary, patients were admitted to war-emergency base hospitals for de- 
tailed investigation and to country mansions, functioning as auxiliary 
hospitals, for intensive convalescence. Within years some 5,000 
patients were dealt with. 

Originally those patients were selected who showed symptoms of 
debility or fatigue, symptoms common ahke to physical and mental 
stress or to early organic disease presenting few diagnostic clinical 
signs. Later the scheme was extended to include (i) debility after ill- 
ness where hospital treatment or proper convalescence would expedite 
recovery of fitness, and (ii) conditions such as dyspepsia, anxiety states, 
asthma, etc., which are liable to recurrence where stress and strain as 
etiological factors remain undetected. After a minute clinical survey 
an ass^sment was made of etiological and predisposing factors, the 
immediate nature of the disability, the likelihood of recurrence, and 
the further measures required. 

Of a series of 1,160 patients — 23 required routine surgical or medical 
treatmentin ordinary civilian hospitals; 29had tuberculosis; 79 required 
change in type or place of occupation; 164 were able to resume their 
usual employment after advice and re-assurance; 169 were admitted 
directly to convalescent hospitals; 563 required base hospital investi- 
gation. 

An outstanding feature was the small proportion of established or- 
ganic disease. Surprisingly few early organic lesions were missed by 
ordinary clinical routine methods and required highly specialised hospi- 
tal investigation. The overwhelming proportion of patients showed 
vague ill-health, with some degree of debihty and often with an anxiety 
state, due to excessive hours of work, excessive travelling to and from 
work, and an unsatisfactory dietary. Too often those suffering from 
physical and mental fatigue carried on to an actual breakdown with, 
as a result, an unduly prolonged period of incapacity. The great 
majority responded rapidly to a brief period of rest and change under 
medical supervision. Recovery was often expedited because the com- 
plete medical overhaul made it possible to remove suppressed fears of 
serious disease. The results indicated that an adequate amount of 
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rest and recreation is essential to prevent and to combat the fatigue 
syndrome which, if undetected and untreated, can be the prelude to 
substantial physical and mental illness. The wise use of leisure as a 
prophylactic and therapeutic measure of high potency is a subject 
which deserves a high place in the programme of health education. 
Our experience also demonstrated (i) the value of careful investigation 
of the premonitory symptoms and effect of undue fatigue and early 
debility, and (ii) the need for adequate provision of convalescent 
hospitals for the management of early departures from health and, in- 
directly, in relieving the pressure on major hospitals. 

III. AN EFFORT TO REDUCE INCAPACITATING 
SICKNESS BV REHABILITATION 

We now had practical experience in reducing health-breakdown to a 
minimum and preventing the drift into chronic invalidism by prompt 
and effective treatment. In ordered sequence came the problem of 
what could be done to restore the sick and injured to the maximum 
attainable of health, working capacity and social independence. From 
the early days of the war the Services, particularly the R.A.F., had 
brought rehabilitation of their casualties to a high degree of efficiency — 
rediscovering another lesson of World War I which had largely been 
forgotten or discarded. On the civilian side there had been several 
orthopaedic out-patient clinics dealing with injured coal-miners, but 
there was no residential rehabilitation center in Scotland until in 
January, 1943, the Department of Health for Scotland transferred the 
large hotel at Gleneagles, Perthshire, from a war-emergency base hospi- 
tal into a Fitness Centre for disabled miners. Workers other than 
miners were also admitted later, and in 1947 the unit was transferred 
to a self-contained wing of another general hospital side by side with a 
major orthopaedic unit, both units being served by the same ortho- 
paedic team. 

We recognised that judicious active rehabilitation would reduce the 
degree and duration of disability, and that medical responsibility does 
not end with primary medical or surgical treatment which deals only 
with a disease process or local injury. The work of the surgeon or 
physician cannot be considered complete until the patient has attained 
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rate. Of 1,900 miners and 270 others the results up to June, 1947, have 
been: — 



MINERS 

OTHERS 

Fit for former work 

63% 

69% 

Fit for light work 

19% 

13% 

Fit for alternative employment 

5% 

6% 

Unfit at the end of course 

1% 

less than 1% 


The remainder consisted chiefly of patients returned to the general 
hospitals for further primary treatment. 

These figures are not statistically comparable with those of the fight- 
ing Services. Service casualties were of an optimum age group and 
usually were in first class condition before injury. The results I have 
quoted refer to a group of civilians of varying ages up to 70, many of 
whom had long been in indifferent health. 

We have learned that rehabilitation methods cannot cover defi- 
ciencies in primary surgical or medical treatment, nor can they be 
applied en masse to patients as a mere supplement to primary treat- 
ment. To be of full value, accessory physical and psychological 
methods must be used at the appropriate moment during and after 
treatment; sometimes they should begin on the first day in hospital, 
and sometimes (e.g. prior to meniscectomy) even before operation. 

We have learned further that “the patient must be fit if he is to have 
a job, but, equally, the patient must have a job if he is to remain fit.” 
It has been aptly said that “the final stage in rehabilitation is re-em- 
ployment, and remunerative work is often the best form of rehabilita- 
tion. . . . Much of the time and skill expended on medical care may 
be in vain if the patient is left indefinitely without work or in employ- 
ment of a grade lower or higher than that of which he is capable. The 
physician or surgeon has a responsibility, which cannot be delegated, 
in determining when his patient is fit for work and for what kind of 
work he is fit. The medical profession must, therefore,^ have some 
appreciation not merely of clinical science but of the conditions under 
which his patients live and work. There is need for a closer link e- 
tween the medical services, the social services, and industry if our 
professional labours are to achieve their time end. 
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IV. A STATISTICAL INVESTIGATION INTO SOCIAL CONDITIONS 

Sociological research is now receiving more attention than hitherto, 
but we are still woefully deficient in precise knowledge of the influence 
of social conditions on the health and welfare of the peoples of the 
world. To build the new world of happiness and prosperity upon the 
old, we need to study the effect which the changes over the past century 
have had on the life of the people and ascertain how the people react 
to conditions of life at the present day. 

In Scotland, at the end of the 18th century, and again in the middle 
of the 19th century, two statistical accounts were made. Sir John 
Sinclair, who took the first account in the latter years of the 18th 
century, introduced the phrase into the Enghsh language and his 
interpretation was “an account of the state of the people.” These 
two investigations contain a mass of material about the conditions of 
life in Scotland 150 and 100 years ago, with information about local 
customs, local occupations, and local way of life. One of the 160 
questions which Sinclair asked related to the most prevalent distempers 
and their cause. The answers given to this question shed an interest- 
ing light on the diseases prevalent in Scotland at the beginning of the 
last century, their distribution and their relation to local climatic 
conditions. 

Recently, it has been decided to undertake a third statistical account 
in Scotland and preliminary steps have already been taken in surveying 
four areas of the country, each under the supervision of a Scottish 
University. The unit of study is the parish and the following seven 
headings form the basis of individual accounts; — 

1. Physical basis, 

2. History of local community. 

3. Population. 

4. Public and social services. 

5. Housing. 

6. Agriculture, industries, and commerce. 

7. Way of life. 

These headings reflect a wide comprehensive undertaking in surveying 
the whole of the country. The project has been summed up in these 
words — “The main task will be to describe not merely the physical 
facts, the public and social services, and the industries of the area, but 
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to show how, in that environment and with those material conditions, 
the people live. Weshall wanttoknownot only about houses, but about 
family life; not only about churches, but about what religion means to 
the people; not only about industries and products, but about the 
attitude of the people to work and leisure. We shall want to know of 
any significant changes that have occurred in customs, feelings and 
attitudes. And we shall want to know their hopes and prospects for 
the future.” 

V. MEDICAL CARE IN A LARGE RURAL AREA 

Since 1915, there has been, in Scotland, a medical service for the 
Highlands and Islands which has aroused wide interest and has at- 
tracted visitors from many parts to see it in operation. The origin of 
the Highlands and Islands Medical Service was fundamentally a ques- 
tion of the economics of medical care — a question which today has 
assumed new importance throughout the civilised world. The prob- 
lem then, as now, was to apply a remedy without disruption of the 
established principles of medical practice. Let me give you a brief 
picture of how in Scotland a State-aided medical service was evolved 
and developed. 

The Highlands and Islands include almost one half of the land sur- 
face of Scotland, lying to the North and West, inhabited by some 
300,000 people (representing only one-sixteenth or less of the country’s 
population). The region is famed for mountain, glen, moor and sea- 
board, of unusual beauty and grandeur. Judged by American stand- 
ards, the scales for distance and population are small, but measured in 
terms of geographical configuration and of physical exertion and haz- 
ard, the provision of medical care in the more remote areas entails 
effort and endurance of the highest grade. Depopulation over a 
century has taken its toll of a vigorous and sturdy race; those who 
remain toil hard to wrest a living from a relatively infertile soil and 
from stormy seas. Communications even in these days are difiicult 
and journeys are often circuitous and tedious. In the islands there are 
no railways, and on the mainland the nearest railway station may be 
several hours distant by automobile. Some of the older inhabitants 
still living have never seen a railway train. 

In 1912 the British Parliament appointed a Committee to examine 
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the adequacy of the medical services then existing in the region, and 
to advise “as to the best method of securing a satisfactory medical 
service therein.” The Committee toured the area and obtained first- 
hand evidence from over 250 witnesses, representing all classes of the 
community (including over 90 doctors, many of whom had spent a 
lifetime in the remote areas). Having ascertained the facts and sur- 
veyed the problem, the Committee reported that the combination of 
social, economic, and geographical difiiculties in the Highlands and 
Islands demanded exceptional treatment. The sparseness of popula- 
tion in some parts, the configuration of the country, the climatic condi- 
tions, and the straitened circumstances of the people made the medical 
service uncertain for the people, — onerous and, at times, hazardous for 
the doctor. In general, medical care was inadequate. The remedy 
was equally forthright. Medical care and public health services could 
be developed and correlated provided a suitable grant could be forth- 
coming from national funds. If doctors could be guaranteed a reason- 
able minimum income, with adequate nursing and hospital services, 
well-trained practitioners would be attracted to the Highlands and 
Islands to combine with a family doctor service such public health 
duties as would be found useful and expedient. Within eight months 
Parliament passed legislation establishing the Highlands and Islands 
Medical Service Fund “for improving medical services, including nurs- 
ing, in the Highlands and Islands of Scotland; and otherwise providing 
and improving means for the prevention, treatment and alleviation of 
illness and suffering therein.” Under the Act, schemes were approved 
covering grants to (i) doctors, (ii) nursing services, (iii) specialist, 
hospital, and ambulance services, (iv) telegraph and telephone services. 

World War I was in progress, however, and although a beginning 
was made at once, the scheme only got into its stride when hostilities 
ceased. The results exceeded all expectation. Within a few short 
years the people of the Highlands and Islands were receiving medical 
care which became the envy of many in the more prosperous South. 

The principles governing the administration of the service have been 
based upon two primary economic objectives, viz., (i) every person in 
need of medical attention should be able to secure the services of a fully 
qualified doctor; (ii) each doctor in the scheme should be assured of a 
definite minimum nett income. 
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The few patients able to do so pay the doctor on a fee basis compa- 
rable to that obtaining in ordinary private practice. Medical care for 
those in receipt of public relief is paid for on a block grant basis by the 
local authority responsible for poor relief. Employed persons con- 
tributing to the National Health Insurance scheme are covered by the 
statutory capitation fee payable for medical benefit. There remain 
families of the crofter or cottar class, and families of insured workers to 
whom ordinary medical fees would be an undue burden. For these a 
schedule of modified fees is laid down which must not be exceeded 
whatever the distance of the patient from the doctor’s residence. 
Every doctor within the scheme undertakes to observe the underlying 
principle of the fee schedule. 

You will note that as regards private patients and those treated 
under the statutory services, the Highlands and Islands doctor is 
exactly in the same position as his brethren elsewhere. The major part 
of his work, however, is concerned with the families of the crofter- 
cottar class commonly referred to as “scheme patients.” Even were 
the doctor to receive the maximum fees agreed upon, he would still be 
far from securing a proper living income. In actual fact, where he 
applies the spirit of his agreement in preference to a strict adherence 
to the permitted maxima, the doctor invariably adjusts his charges to 
suit the economic circumstances of his patients — circumstances of 
which he is uniquely aware by virtue of his position as family friend and 
adviser, as well as family physician. To supplement his income as 
compensation for reduced earnings and to offset legitimate professional 
overheads, each doctor receives a yearly grant from the Highlands and 
Islands Medical Service Fund. Each individual grant can be varied 
from tinie to time according to fluctuations in the circumstances of the 
individual practice. This year (1947) the target is to provide each 
doctor with a minimum yearly nett income of £800 after professional 
overheads have been met. Financial aid has also been forthcoming to 
provide (i) suitable houses for doctors, (ii) facilities for holiday leave 
and post-graduate courses at the various medical schools, and (iii) 
special assistance in the event of serious illness or other emergency. 

These arrangements do not make the doctor a salaried servant of the 
State. In the exercise of his professional duties they leave him as 
independent and unfettered as his brethren in general practice else- 
where. The contribution of the State is primarily to relieve him from 
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undue economic burdens and to give him encouragement and scope to 
practise his profession. 

Before the advent of the Highlands and Islands Medical Service, 
nursing facilities in the Highlands and Islands were haphazard and 
wholly inadequate. Under the scheme a most efl&cient nursing service 
has been rapidly developed. County and district nursing associations 
were organised and integrated to provide district nurses stationed at 
strategic points where they could best contribute to medical care. 
Almost aU of these nurses — colloquially and affectionately called 
“Queen’s Nurses” — are fully qualified in general nursing and obstetrics 
and, in addition, have had special training for domiciliary work under 
the auspices of the Queen Victoria Jubilee Institute of District Nursing. 
The nurses are appointed by the local nursing association but they 
work directly under and with the local medical practitioners. Words 
cannot pay adequate tribute to the professional competence and devo- 
tion to duty of our nurses in the Highlands and Islands. 

Although the nursing service is based upon domiciliary care (includ- 
ing obstetrics and infant welfare), the nurses are actively engaged in 
the work of the School Medical Service, and in such matters as hygiene 
and dietetics they bring practical advice to the homes of the people. 
Their close contact with both doctors and people give them unusual 
opportunities for the early detection of illness and in effect they func- 
tion as an efficient health intelligence service. 

The local nursing associations are financed by local subscriptions 
plus grants from the local health authorities supplemented by consider- 
able sums from the Highlands and Islands Medical Service Fund. The 
financial assistance given has considerably increased the number of 
nurses employed and ensures that each nurse has a reasonable salary, 
a suitable residence, means of transport (usually a small car) and a 
telephone service. 

The practical unit in the Highlands and Islands Medical Service is 
a doctor with one or more fully trained nurses, a closely-knit team 
designed to bring domiciliary medical care to every individual within 
a given area. I would draw particular attention, however, to the 
fact that the doctors and nurses are brought directly into the field 
of public health. In the isolated areas the doctor enters the service 
through appointment as a parish Medical Officer for statutory services 
under the County Medical Officer of Health. He is, therefore, avail- 
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able to the Medical Officer of Health for immediate action in the local- 
ity and he has behind him the Medical Officer of Health for help and 
guidance in such matters as infectious disease, water supplies, sanita- 
tion and emergencies of all kinds. The relationships between Medical 
Officers of Health and the general medical practitioners is one of cordial 
friendship and mutual confidence. With the functions of school nurse, 
health visitor, and social worker centred on the district nurses, and the 
general practitioners undertaking the duties assigned to them by the 
Medical Officer of Health, the Highlands and Islands Medical Service 
has demonstrated how the family medical service and the preventive 
health service can be integrated to the benefit of the community. 

Behind the general practitioner we have placed the resources of a 
hospital and specialist service. Up to the end of World War I, the 
existing hospitals were inadequate in accommodation, equipment and 
personnel, with little possibihty of improvement on a satisfactory scale 
without considerable financial assistance. For obvious reasons first 
priority was given to a surgical service. This involved the appoint- 
ment of full-time surgeon-consultants to key hospitals on the Islands 
and on the mainland, substantial modernisation of layout and equip- 
ment, and a considerable increase in nursing stafi. Here again the 
Highlands and Islands Medical Service Fund provided the necessary 
finance. Substantial grants were made towards the salaries of sur- 
geons and hospital personnel, and towards capital and maintenance 
expenditure for buildings and equipment. 

With its immediate and somewhat spectacular blessings, the sur- 
gical service could not fail to stimulate public demand for further 
extension of specialist services in other fields. Inverness, the capital 
of the Highlands, was clearly the centre for major development. At 
Inverness Royal Infirmary, an E.N.T. specialist was established in 
1929, and a conslulting physician in 1938; in the years between these 
two appointments suitable grants made possible up-to-date radiological 
and laboratory facilities. The impact of war in 1939 quickened the 
tempo of expansion and development. On the outskirts of Inverness, 
the Department of Health for Scotland built a major base hospital 
staffed and equipped for major surgery, medicine, orthopaedics, 
E.N.T., dermatology, gynaecology, and jaw injuries, with a full range 
of radiological, laboratory, pharmaceutical and physiotherapy facili- 
ties. Operationally the War Emergency Hospital was closely linked 
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for the future, and we await with great interest and expectation the 
development of the helicopter air-ambulance which promises a solution 
of a difficult problem facing us in lonely islands and mountainous glens. 

The aim of the Highlands and Islands Medical Service has been the 
provision of medical care within the economic means of aU sections of 
the community, based upon the family doctor with the essential com- 
plementary services of nurses, specialists and hospitals. The State 
contribution has been, first, the necessary finance and, second, a flexible 
central administration under the Secretary of State for Scotland 
through the Department of Health for Scotland. The central ad- 
ministration has always been designed to be constructive and not 
restrictive, intimate and friendly rather than cold and impersonal. 
Our policy has established and maintained the cooperation and good- 
will of aU concerned — doctors, local authorities, voluntary agencies, 
and the general public. Since the conditions in the Highlands and 
Islands vary so much from place to place, a full appreciation of the 
particular difficulties of each individual practice is essential for the 
smooth day-to-day operation of the medical services and for the 
intelligent planning of expansion and development. Continuous 
personal professional contact has therefore been maintained between 
the central Department and the medical personnel in the field through 
one of the Department’s headquarters’ medical stafi experienced in the 
problems of rural practice. On this whole-time medical officer de- 
volves the whole range of medical questions arising in the Highlands 
and Islands area — general and specialist practice, hospitals, nursing, 
public health and other statutory services. From the outset, his 
systematic visits to each practice in the area made the medical and 
nursing personnel aware that an active and helpful interest was being 
taken in each individual and gave a welcome opportunity for dis- 
cussion with a medical colleague to those with few opportunities for 
direct contact with current developments in medical practice and 
opinion. The best tribute to the administrative handling of the 
scheme has come recently from the doctors themselves. The High- 
lands and Islands practitioners, through their British Medical Asso- 
ciation Committee, made a special plea to the Secretary of State 
that under the forthcoming National Health Service, they should con- 
tinue to serve under the administrative aegis of the Department of 
Health for Scotland. They based their request upon the fact that 
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their relationship with the central Department over the past 30 years 
had been one of confidence and amity. 

Standing on the threshold of the forthcoming National Health 
Service we acknowledge that much remains yet to be done. The 
people of the Highlands and Islands, however, have enjoyed a measure 
of medical care with an improved standard of health undreamed of 
40 years ago. They are proud of their doctors and nurses, their 
specialists and their hospitals, and the doctor-patient relationship 
is the envy of our profession toiling in the cities. We have no difficulty 
in obtaining doctors, specialists or nurses for any area within the 
scheme; indeed, the numbers and calibre of applicants for vacancies 
are frequently embarrassing. The quality of the service is acknow- 
ledged to be high. With a satisfactory guaranteed nett income, 
improved transport facihties, access to speciahsts, and the means 
for post-graduate study, the typical Highlands and Islands practi- 
tioner is well above the average in professional acumen and knowledge. 

I conclude this brief outline by quoting the judgment passed upon 
the Highlands and Islands Medical Service by one who saw “the former 
and the latter days” — ^the late Dr. Eneas MacKenzie of Tain, Ross- 
shire, a sturdy independent Highlander who was a prince among 
doctors and a beloved physician to his people. “Considering the 
geographical character of our country, the Highlands and Islands of 
Scotland have a medical service unequalled for efficiency in any part of 
the world. . . . We have lost our sense of lonehness as access to 
colleagues, speciahsts and hospitals is easy. This has brought home 
to the medical practitioner what is the very foundation of his being 
able to give efficient help to his people, namely, a confidence in his own 
capacity to deal with any individual case and a knowledge of his own 
limitations. ... It is fine to have been allowed to five and work and 
help into being what has been accomphshed.” 

These, then, are some of the excursions into the wide field of social 
medicine which we are making in Scotland. They provide no world 
shattering discoveries but they represent simple efforts to achieve a 
higher standard of national health. That these endeavours have been 
possible is a tribute to the happy relationship which exists in our 
coimtry between all those agencies working towards that objective. 
I hope they have been of interest to you. 
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The method of treatment of congenital atresia of the esophagus 
depends, of course, on the esophageal anomaly encountered. Atresia 
may result in a complete agenesis or absence of the esophagus, which 
is quite rare, or consist of a very small defect a centimeter or less in 
length. The surgical management of the different degrees of atresia 
requires various methods of construction of the continuity of the 
gastrointestinal tract. In the event the blind ends of the proximal 
and distal segments of the esophagus are sufficiently close together, one 
centimeter or less, primary end to end anastomosis of these segments 
with closure of the tracheo-esophageal fistula is the operation of choice. 
But in certain cases, particularly those in which no air is found in the 
stomach or intestine due to the absence of a tracheo-esophageal fistula 
or in those patients in which the atresia of the esophagus is so extensive 
as to make it impossible to bring the blind ends together, it is then 
incumbent upon the operating surgeon to employ other means to con- 
struct an artificial passage between the proximal and distal blind 
segment. 

It is the purpose of this report to call attention to a method of con- 
struction of such an artificial passage which is, from a technical stand- 
point as weU as ease and facility of performance, a most gratifying 
procedure, i.e., the antethoracal subcutaneous implantation of the 
stomach in infants a few days old in which the diagnosis of extensive 
atresia of the esophagus has been made. In two such patients com- 
plete mobilization of the stomach at the primary operation was ac- 
complished, thus permitting the cardiac end to be brought up to the 
level of the clavicle followed by an esophago-gastrostomy in a one- 
stage operation. 
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Technique of Operation 

Under very light drop ether anesthesia, after the usual preparation of 
the skin, a left subcostal incision 6 cm. in length was made and carried 
through the underlying fascia. The rectus muscle was divided and 
the peritoneal cavity opened. The left lobe of the liver was retracted. 
The stomach and intraperitoneal portion of the esophagus were identi- 
fied. The atretic portion of the esophagus was divided together with 
the vagus nerves in the substance of the diaphragm. The left gastric 
vessels, including the vasa breva, were ligated and divided. Mobiliz- 
ation of the stomach was completed by dividing the gastrocolic and 
gastrohepatic omenta, preserving the right gastric and gastro-epiploic 
vessels. The stomach was withdrawn through the incision and be- 
cause of the very small size of the infant thorax the cardiac end could 
be brought up above the clavicle without the shghtest tension. An 
incision 2 cms. in length was made just above and parallel to the 
clavicle. Between the latter and the original subcostal incision a 
tunnel was made in the subcutaneous tissue by blunt dissection with a 
curved clamp. The stomach was then placed under the skin and sub- 
cutaneous tissue and drawn up through the tunnel and out through 
the incision just above the clavicle where the cardiac end was sutured 
into place. The intraperitoneal portion of the esophagus was brought 
out through a separate opening in the skin at a slightly lower level and 
medial to the incision above the clavicle. A tube was inserted in the 
esophageal opening in order to feed the infant immediately after the 
operation. This intraperitoneal esophagus was fixed to the adjacent 
skin with interrupted sutures. The blind end cervical segment of the 
esophagus was then brought up and into the neck through a separate 
incision made along the posterior border of the sternomastoid muscle 
and drawn down to the cardiac end of the stomach by tunnelling imder 
the bridge of skin remaining between the incision above the clavicle 
and that which was made to mobilize the blind cervical stump. The 
atretic end was then incised and anastomosed to the cardiac end of the 
stomach with two layers of interrupted sutures. This anastomosis 
was then buried by suturing the skin over it. 

The postoperative convalescence in both patients was remarkably 
uneventful except for some leakage of saliva at the point of anastomosis 
due to the formation of a small fistula. Feedings were made through 
the tube entering the stomach and even down into the duodenum by 
way of the opening in the distal esophageal stump. 



498 


WILLIAM TEANCIS RIENHOI'P, JR. 


The two patients were discharged from the hospital but survived only 
a year when both succumbed to infantile diarrhoea associated with 
terminal staphylococcus aureus haemoliticus infections begmning in 
the ears and followed by pyemia with multiple abscesses in the lungs 
and in one in the liver. The cause of the diarrhoea was not determined. 
Autopsy revealed that the transplanted stomach in both patients, which 
had functioned normally as far as the gastric motility and secretion 
were concerned, had formed a perfectly functioning tube and had 
remained viable. The small leak in the anastomosis was probably 
due to slight tension which could have been avoided. 

One of the remarkable features was that the infants showed no signs 
of shock during or following operation probably due to the fact that the 
blood vessels going to the stomach at this age were so small there was 
no loss of blood and only an hour’s operating time was consumed in 
each case. The ease of complete mobilization of th . stomach in an 
infant up to ten days of age must be experienced to be fuuy appreciated. 

Inspite of the fact that these two infants only survived a year follow- 
ing operation, it is felt that their deaths were due to factors which had 
nothing to do with the technical side of the operative procedures and 
that this method of transplantation of the stomach may prove to be a 
most useful surgical procedure in constructing a new passageway in 
the alimentary canal in cases of extensive atresia of the thoracic esoph- 
agus which do not lend themselves to a primary anastomosis between 
the two blind segments. The absence of surgical shock in these two 
cases was most striking and of interest because of the fact that a neuro- 
genic element at this age of five and eight days would probably be 
lacking. 

In his discussion of a paper on congenital atresia with tracheo- 
esophageal fistula by Singleton and Emight (Trans. Southern Surgical 
Association, Vol. 55, 1943), Dr. Alfred Blalock of Baltimore, in referring 
to one of these cases, stated: “Some months ago Doctor Rienhoff had a 
similar case, and the procedure which was performed differed only in 
that the vessels at the upper end of the stomach were divided, and this 
allowed Doctor Rienhoff to place the upper part of the stomach beneath 
the skin of the anterior wall of the chest.” 

1. Attention is specifically directed to the fact that the above 
operative procedure was weE borne by two infants five and eight days 
old which were in a very serious state of malnutrition and in whom 
there was evidence of a pneumonitis from regurgitation. 
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2. Although the procedure may sound formidable it may be carried 
out rapidly and without shock to the pa+ient. 

3. The operation of constructing an artificial alimentary canal 
may be completed in one stage, thus avoiding the multi-stage ante- 
thoracal esophagoplasties heretofore employed. 

4. Extrathoracic subcutaneous implantation of the stomach avoids, 
in such poor operative risks, the hazards of intrathoracic procedures. 

Brief Abstract of Cases 

1) Baby boy Oren, referred by Dr. Schaefer. Mercy Hospital, Historj' No. 
49034. Age nine days. Date of birth November 13, 1941. Operated on Novem- 
ber 22, 1941; Died November 6, 1942. Baby had normal spontaneous delivery 
November 13, 1941. Weight 5 pounds ounces. Did not take feeding well. 
Regurgitated. Spells of cyanosis. Congenital atresia of the esophagus. Blind 
pouch opposite the second thoracic vertebra. No gas in intestine in flat plate of 
abdomen. Patient progressed satisfactorily after operation until August 10, 
1942 when he began to lose weight due to symptomatic diarrhea. Developed 
staphylococcus infection. Weight 9 pounds 6 ounces. Skin so't, velvety. 

Physical examination October 12, 1942. Baby is an undernourished male 
child, apathetic and appears younger than his 10| months of age. Color is good, 
no cyanosis or jaundice. There is a scar and small opening on second rib on left 
side. The bulging mass of stomach can be made out to the left on sternum in the 
opening below the skin. Several excoriated areas are present over the back and 
remnants of his previous staphylococcus infection. On October 12, 1942, baby’s 
weight increased steadily for three days and child seemed to be doing verj^ well. 
Following this the child again developed severe diarrhoea and succumbed Novem- 
ber 6, 1942. 

2) Baby girl Hart, referred by Dr. T. Terry Burger, Women’s Hospital, History 
No. 22958, five days old, weight 5 pounds 8 ounces. Operation May 13, 1943. 
Convalescence uneventful. Discharged July 30, 1943. Weight 8 pounds 2 
ounces. Fed through tube. 

On hlarch 19, 1944. Developed diarrhoea with red throat. Temperature 40. 
Otitis media. Positive staphylococcus aureus blood culture. Succumbed March 
22, 1944, in Johns Hopkins Hospital. History No. H. L. H. A32481. 

Personal communication from Dr. Willis J. Potts, Children’s Memorial Hospital, 
Chicago. Infant with congenital atresia of esophagus operated on March 1st, 1948. 
“Without any difficulty I freed the stomach, brought it up under the skin of the chest 
and sutured it to the upper end of the esophagus in the neck. There was no shock or 
loss of blood. Condition good at end of operation. Child died following day, temper- 
ature lOS”, supposedly an anesthesia death associated with edema of the brain. Circu- 
lation of stomach seemed perfect and anastomosis beautifully healed! ' I was surprised 
to find with what ease the stomach could be brought up to the collar bone.” 
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The Use of Large Skin Flaps for Surface Repair. DR. MILTON EDGERTON. 

{Department of Surgery, Johns Hopkins Hospital.) 

As a result of the challenge of World War II, new strides have been made in ' 
the use of large full-thickness flaps. The success in later surgery to tendons, 
bones, and nerves depends on effective preliminary surface restoration. The time- 
honored tube flap is now no longer the method of choice. Particular value has 
been shown in the use of large “direct” flaps. These may be raised from the ab- 
domen, chest, or thigh, and placed into defects on the lower leg, hand, or arm at 
the original operation. They may be detached and inserted within a period of 
about three weeks or even less. 

The obvious advantages of these flaps over the use of tubes lies in (1) the great 
reduction in hospitalisation time, (2) the possibility of earlier definitive work on 
deep structures, and (3) in the actual conservation in flap tissue. 

In both military and civilian life, one occasionally meets with a surface defect 
of such large proportions — particularly on the lower extremity — that the use of a 
cross-leg direct flap would not offer an adequate donor site. In these cases, the 
broad expanse of the abdominal and chest skin offers the most logical source of 
such a flap. It is not technically possible to apply the lower leg beneath such a 
direct flap. The use of a large tube would involve the loss of many months in 
transfer, the dangers of a narrow pedicle, and an irreducible waste of tissue from 
shrinkage. 

I would like to mention our experiences here at Hopkins with a new method 
worked out at Valley Forge General Hospital during the war, under the supervi- 
sion of Dr. Bradford Cannon. This employs the use of the so-called “jump 
flap”. It is raised with a broad, short pedicle, like similar direct flaps. It differs 
in being attached first to the arm as a mobile vascular pedicle. The arm carries 
the flap to its recipient site, for example on the lower extremity. An opposing 
“mate flap” can be raised on the forearm, at the original operation, and used to 
cover the raw undersurface of the abdominal apron flap. Split grafts may then 
be applied to the abdominal wall donor site, and thus a closed wound is secured 
just as in the use of tubes. The flap is sewed onto the arm primarily with sub- 
cuticular sutures. Immobilization of the arm is easily obtained with adhesive 
strapping. Because of the broad pedicle and consequent good blood supply, the 
greatest dangers at this stage are from venous thrombosis, stasis, or kinking of 
the pedicle. A mechanics’ waste dressing will combat these effectually. 

Either one or two delays may be indicated at the second and third weeks, de- 
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pending on the size of the flap. It should be pointed out that flaps approaching 
one square foot in area may be transferred by this means. 

Approximately five weeks following the original procedure, and under spinal 
anesthesia, the flap is then detached completely, the patient flexes at the hip and 
knee, and the flap may be applied to a defect located at any point on the lower 
extremity, over the sacrum, hip, or shoulder. It is important that all deep scar 
be excised and that minute blood supply be obtained. The flap must be placed 
into the area without tension, allowing approximately ten per cent for linear 
shrinkage. 

Fixation may be obtained with subcuticular sutures of non-absorbable material, 
and a pressure dressing again applied. It is usually essential to utilize a plaster 
of paris splint to maintain the flexion of the patient. 

At the seventh week, one-half of the attachment from the arm is severed, and 
after an additional week the arm is separated and its “mate” flap resutured into 
the forearm. At the same time, the flap is placed into the leg, and the procedure 
has been completed in seven to nine weeks. 

We know of no other method whereby such a large block of tissue could be trans- 
ferred in a comparable period of time and with comparable safety. I should like 
to show a few slides of a patient, D. Z., age 17, with traumatic encircling avulsion 
of the skin from the left lower leg — ^years of disability, including a draining 
eczema, and faulty development of the tibia followed. It was necessary for this 
boy to wear an absorbent dressing at all times. Treatment with a tube flap was 
first utilized, and after eight months succeeded in covering only a small fraction 
of the defect. In summary, the use of large full thickness flaps will, in many cases, 
allow non-union fractures to unite, will permit callus to thicken, and will make it 
possible to carry out tendon transfers and grafts, nerve sutures, and permit ade- 
quate covering for bone grafts. Such procedures, of necessity, require long months 
of hospitalization. Open direct flaps will give rapid surface repairs, in most in- 
stances, with a minimum of heart-breaking complications. Whenever an indirect 
flap is needed because of the distance of the defect from sufficient donor skin, we 
feel that the “jump flap” from the abdomen via the arm is the method of choice. 
It is most useful in thin, limber individuals of a young age group. It requires con- 
stant encouragement of the patient’s morale. But, under these restrictions, it has 
proved a versatile and useful procedure, and, in fact, the only solution to a few 
difficult problems. 

Di^aissioti was postponed until all the papers were presented. 

Obscrvatiotis on a Skin Homograft After Sixty Days of Pyribenzamine Therapy. 
DR. DALE G. FOSTER and DR. EDWARD M. HANRAHAN. {Depart- 
ment of Surgery, Johns Hopkins Hospital.) 

Homografting (grafting skin from one person to another) is not permanently 
successful. There is considerable evidence that the reason for this is the develop- 



502 


THE JOHNS HOPKINS MEDICAL SOCIETY 


ment in the host of an active systemic immunity to the antigenic foreign tissues of 
the homograft. Since histamine is frequently released in antigen-antibody reac- 
tions involving the skin, it was postulated that possibly histamine was released by 
antigen-antibody reaction between the homograft and the tissues of the host, and 
that the histamine so released might play a role in the destruction of the homograft. 
The authors thus were led to try the clinical effect of an anti-histamine drug, 
Pyribenzamine, on the survival of a homograft in one case. 

A split-thickness graft from a white male was placed in a full thickness skin 
defect on a colored female. The host received Pyribenzamine therapy for 60 days, 
at which time the homograft was apparently viable. A biopsy at this time showed 
living skin with hair follicles and sweat glands, but it could not be determined 
whether the original graft had survived or whether it had been replaced by tissues 
from the host. At the end of 90 days the homograft had essentially the same ap- 
pearance as at 60 days. No conclusions could be drawn from this isolated observa- 
tion, but it was felt that further investigation was indicated. 

Arterial Hemangiomas. DR. WILLIAM P. LONGMIRE, JR. {Department of 
Surgery, Johns Hopkins Hospital.) 

In recent years, the term congenital arteriovenous aneurysm has been used for 
a variety of peripheral vascular lesions. Included in this group is a certain type 
of lesion which could better be known as arterial hemangioma. These lesions are 
characterized by (1) a pulsating compressible tumor, (2) enlarged afferent arteries, 
(3) a systolic thrill and bruit over the tumor, or the afferent arteries, or both, (4) 
enlarged efferent veins, (5) superficial capillary hemangioma, the so-called port 
wine stain, in the overlying or surrounding skin, (6) increased local skin tempera- 
ture. They do not present the true clinical signs of an arteriovenous fistula. Seven 
such cases have been observed during the past two years. Treatment of these 
consists of complete local excision of the tumor when possible, or partial excision 
of the tumor and ligation of afferent arteries when total removal will produce dis- 
figuring or disabling results. 

The Treatment of Facial Paralysis. DR. EDWARD M. HANRAHAN. {De- 
partment of Surgery, Johns Hopkins Hospital.) 

The use of fascia to ameliorate the effects of the loss of the seventh nerve is a 
generally accepted surgical procedure. There is, however, considerable disagree- 
ment regarding exactly how the fascial strips should be used to obtain the best 
result. The principal items of disagreement have to do with points of 'lateral 
fixation which might best bring about a balanced face and a certain amount of 
motion to compensate for the loss of motility in the paralyzed muscles. The best 
results were obtained by utilization of a combination of procedures which have 
been tried previously. It is important that the mid points of the lips be solidly 
immobilized against the pull of the unaffected side. No motion is desirable or 
necessary at these points which are anchored securely by fascial strips fixed to e 
temporal fascia. It is desirable, however, that motion be imparted to the hne o 
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expression just lateral to the mouth, and to bring this about one fascial strip is 
fixed to that part of the temporal muscle which has the greatest excursion. This 
has given better results than fixation of that strip to other movable points, such 
as the masseter muscle. Photographs showing the result of this operation will be 
shown. 

Plastic Surgery and Its Relation to Other Specialties. DR. JEROME P. WEB- 
STER. \Deparlmcnl of Surgery, Presbylermi Hospital, New Y ork. New Y ork) . 

It is difficult to define the field of plastic surgery as it borders on so many of the 
surgical specialties. A doctor obtaining superior results in the treatment of any 
type of disorder rapidly accumulates patients suffering from that condition. 
Therein lie the seeds of specialization. From early Egyptian times to the present, 
specialization in medicine existed, although usually practice was not limited to 
one small field. Tagliacozzi, anatomist and surgeon of Bologna (1545-1599), was 
noted for his rhinoplastic operations and wrote the first book on plastic surgery. 
IVhen, over two centuries later, Joseph Constantine Carpue in 1816 revived the 
art of plastic surgery in Europe, certain general surgeons during the nineteenth 
centurj' performed plastic operations as a part of their surgical practice. Pancoast, 
Warren, Buck, and Abbe, in this country, became noted for this type of surgery. 
John Staige Davis was the first to limit his practice to plastic surgery. 
Blair of St. Louis, originally an anatomist, devoted his time to this field, although 
he always considered himself a general surgeon. 

Certainly a general surgical background is essential for the performance of 
plastic surgery operations to correct deformities in any part of the body. Halsted, 
realizing that better work would result if a surgeon’s interest were concentrated in 
one special field, induced men like Cushing, Young, and Crowe, with general sur- 
gical backgrounds, to develop neurosurgery, genito-urinary surgery, and otolaryn- 
gology. In Halsted’s clinic, free skin grafts were extensively used far earlier than 
in any other clinic in this countrj'. However, he did not support Davis’ conten- 
tion that plastic surgerj' should be a specialty. His residents received training in 
a wide field, but the patients sometimes suffered when inexperienced residents, 
without supervision, operated upon an occasional hare-lip or cleft palate. Pro- 
ficienc}" comes with a concentration of thought on the various aspects of any par- 
ticular medical problem, and a wide experience in treating many cases largely 
similar in character. 

World War I focused the attention of the medical world on the need for special- 
ists in plastic surgery'. In 1937, tlie American Board of Plastic Surgery was formed 
and became an affiliate of the American Board of Surgery. It was recognized as 
an independent Board in 1941, with the proviso that its diplomates be trained to 
cover a wide field of plastic suigerj' and that at least a two year residency in general 
surgery after the internship, or its equivalent, precede the two years of training in 
plastic surgery. Present day general surgical residencies, with rotation through 
the various surgical ser\'ices, preliminary' to taking up plastic surgery, produce 
men capable of performing better plastic surgery'. However, surgery' must pro- 
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vide places for such training. A man can then determine his natural bent and 
branch out into plastic surgery if he shows he has a flair for this specialty. An 
increasing number of residencies in plastic surgery are now available to hasten the 
acquisition of proficiency in this field, which earlier surgeons had to attain by years 
of “trial and error” methods. 

The plastic surgeon is presented with difficult problems frequently bungled by 
those in other branches of surgery. It is not requisite that only a plastic surgeon 
repair deformities in all fields, but surgeons in all fields should be familiar with 
plastic surgical principles and with what can be accomplished by plastic surgery. 
The patient will benefit in complicated cases when the plastic surgeon’s wider ex- 
perience and knowledge of what can be accomplished by one of many procedures 
is utilized. There should be a close union between plastic surgery and the other 
surgical services. Operations may be performed jointly or with a plastic surgeon 
in full charge, and with the aid, if necessary, of specialists in the field or fields in- 
volved. 

What must be sought is the best interest of the patient. 

Plastic surgery frequently has to deal with many problems involving the medi- 
cal as well as all the surgical specialties: metabolism, dermatology, radio-therapy, 
endocrinology, physical therapy, occupational therapy, pediatrics, neurology, and 
especially psychiatry. Practical horse-sense in sizing up a patient’s mental situa- 
tion is essential in determining what treatment, if any, should be advised; a schizo- 
phrenic, if operated upon, may cause endless worry to or even the death of the 
plastic surgeon. 

Cases are shown which present problems related to a number of medical and 
surgical specialties; they illustrate deformities covering a wide field which were 
corrected by plastic surgical methods. “Plastic surgery”, as John Staige Davis 
frequently said, “extends from the top of the head to the sole of the foot.” 

DISCUSSION 

Dr. William P, Longmire, Jr.: Mr. Chairman, I should like to take this oppor- 
tunity to express our thanks to Dr. Webster for coming here this evening. It has 
been instructive to see the various cases which he has presented. His discussion 
emphasizes the wide range of plastic surgery and the correlation of this type of 
surgery with the other surgical specialties. We have frequently encountered such 
combined problems at this hospital. 

Dr. Foster and Dr. Hanrahan are to be commended for the conservative manner 
in which their investigation of homografts has been presented. On several occa- 
sions in the past, methods have been presented in the literature to insure the per- 
manent survival of homografts, but all such methods have subsequently been 
proved erroneous. 

The information presented, as Dr. Hanrahan and Dr. Foster have emphasize , 
concerns a single graft; however, their method of investigation is certainly an in- 
teresting one which should be explored further. i u 

It seems that the superficial epithelium of this graft has been replace y c 
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host epithelium. On the other hand, there are hair follicles and sweat glands deep 
within the graft which are composed of the original tissue of the donor. As far as 
I am aware, this is the first time that a similar demonstration has been presented, 
and it suggests a new avenue of investigation of the homograft problem. 

Dr. Edward M. Eanrahan: There is one word I might add to what Dr. Foster 
has said, and which he did not have time to go into more than briefly. At first 
glance, it might seem as though the behavior of the pigment in this graft might 
give a lead as to whether or not it really is a persistence of white color or an in- 
growth of colored skin. Unfortunately, pigment behavior about a graft, autograft 
or homograft, cannot be taken as a measure of that growth. Even the best auto- 
grafts will sometimes show increase in pigmentation, sometimes show a blanching 
out to dead white, and a few will stay their normal color. Perhaps you have 
noticed in the surrounding skin of this colored patient that there was an increase 
in pigmentation of her own skin in addition to the ingrowth, or in addition to the 
appearance of pigmentation on the graft. That actually is a very old observation. 
It was referred to by Reverdin who tried the same thing. Loeb, in 1898, used 
spotted guinea-pigs. He transplanted black skin onto a white area on the same 
pig and reversed the process, transplanting white skin onto a black area. The 
black pigment of the graft would grow onto the white skin surrounding it. Where 
the white was put in the middle of black skin, the black pigment of the surrounding 
skin grew into the graft. We have seen on colored patients, where a successful 
full thickness graft might slough off the superficial layers, that the graft itself will 
turn white, but pigment returns. The reason for the behavior of these pigmentary 
changes has never been explained. Loeb advanced several theories. Karg found 
the same thing in transplants of negroes to whites and whites to negroes, and his 
were some of the earlier observations on what appeared to be successful homografts. 
It would help if the pigment would indicate whether or not the graft has persisted, 
or has been overgrow, but it does not. 

Dr. Jerome P. Webster: May I saj' I think it is splendid to see the amount of 
interest that is being shown here in plastic surgery. I am delighted. 

There was a time when Dr. John Staige Davis had as a patient on Marburg a 
man of great influence who promised that certain monies would come to the Johns 
Hopkins Hospital for a surgical clinic and that Dr. Davis would have one floor for 
plastic surgery cases. Unfortunate!}', that apportionment was never made in the 
Halsted Clinic. Dr. Staige Davis was never given the opportunity to develop 
plastic surger}' as he might verj' well have done, making Hopkins very far ahead 
in the field at that time. I am delighted to see that this specialty is coming into 
the foreground and that there is such an interested group of men doing this work. 

One should be a little careful in giving priority to anybody on any procedure. 
WTiile it is excellent to bring out, as Dr. Egerton did, that Dr. Cannon was the 
first one to popularize that procedure, however I did it fifteen years ago, and I am 
sure others used the principle longer ago than that; Cannon was not in plastic 



506 


THE JOHNS HOPKINS MEDICAL SOCIETY 


surgery at that time. There are so many things in plastic surgery, in any surgery 
that have been thought of before, that one has to be very careful in saying who is 
the originator of a method. J. Mason Warren used a free skin graft long before 
Reverdin and Thiersch, who are given credit. 

Certainly the microscopic section of the skin homograft, which Dr. Hanrahan 
showed me the latter part of November, indicates that the epithelial covering did 
come in from the surrounding epithelium. I would not comment regarding the 
persistence of the original epithelium, but, as he pointed out, certainly the epithelial 
elements down in the derma did persist and this would indicate that it survived. 
We know that certain elemental tissues such as the cornea survive as homografts, 
and that successful corneal transplantation can be performed. That, of course, 
is the one tissue that we have in the exterior of the body that persists from our 
fish ancestors. The cornea has to be covered with a moist covering. The tears 
make it able to live without drying. 

About a month ago I saw a homograft in Montevideo in exactly the same posi- 
tion as Dr. Hanrahan’s. It had been there approximately the same length of time, 
and no particular drugs had been given to that patient. Dr. McDonald, one of my 
former residents, has used more than 250 square inches of skin as a homograft on 
a burned patient, and this lasted more than ten weeks. I do not mean to say that 
the graft in this patient is going to come off, and I do not think, from the appear- 
ance that I saw in November, that it is. But the graft of the patient in Monte- 
video looked exactly the same as that of Dr. Hanrahan’s, and no drugs had been 
given. You cannot draw conclusions from one case. 

I would like to recall the reports of the former observers who said homografts 
of skin would take, men such as Carrel, who used baby skin and cadaver skin as 
homografts, and said it survived. Were these men poor observers, or did the ho- 
mografts actually survive? It is diflScult to say. Staige Davis maintained that 
he knew they survived in at least one or two cases. I wonder if our present diffi- 
culty of getting homografts to take, except in identical twins, might not be due to 
the fact that we are giving a great many protective injections of one thing or 
another nowadays, such as horse serum, and may be sensitizing ourselves in some 
way? I don’t know. The patient I saw in Montevideo came from the interior 
of Uruguay where I doubt if any of those injections had been given. It is either 
a matter of poor observation of the homograft healing in the past, or something has 
changed the patient’s serum so that nowadays we are not getting homograft takes. 
At least this sensitization is a suggestion to consider. 

In regard to the cases reported by Dr. Longmire which he terms arterial heman- 
giomas, I have observed the same condition many times and also find it is very 
hard to classify these cases. There was one case I had of hemangioma of the foot, 
in which a definite bruit was heard in the afferent vessels and yet no definite dem- 
onstration could be made of any arterio-venous fistulae by injection of opaque 
fluid. There was another case with the same condition where there was no bruit, 
and it was treated by irradiation and the injection of sclerosing fluids. ^ 

With the ligation of all the afferent vessels and the injection of sclerosing flui , 
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I believe you can get the best result with less danger in those cases where function 
or appearance might be impaired by operation. 

In regard to Dr. Hanrahan’s treatment of facial paralysis, he has done some 
excellent work on the improvement of that deformity. I use, as far as possible, 
the anterior third of the masseter as a transplant, taking also the periosteum with 
the muscle to use for suturing because the sutures otherwise will pull out of the 
muscle fibers. 

At a plastic surgery meeting, I saw a surgeon take three portions of the temporal 
muscle, using local anesthesia, and swing the end of one to the comer of the mouth, 
one about the eyelids, and one to the frontal muscle. WTien finished operating, 
he said to the audience, “You know it is remarkable how fast these patients get 
these functions back.” To the patient he said, “Will you smile?” The patient 
smiled. “WiU you close your eye?” The patient did. “W^ill you raise your eye- 
brow?” The patient did. I leave it to you whether that was a successful result 
or chicanery. 
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Clinical Examination of the Nervous System, Sth Edition. By G. H, Monead- 
Krohn. Ulus. 380 pp. $4.50. Patil B. Roeher, Inc., New York New 
York, 1947. 

This helpful little book on Neurological diagnostic methods is somewhat larger 
than the previous editions, but follows the same general arrangement. It contin- 
ues to limit its discussion to the various diagnostic techniques, mentioning specific 
syndromes only as illustrating the method of examination described. This is ex- 
cellent for the advanced student with some background in neurology, but is apt to 
be confusing to the less experienced student, unless used in conjunction with some 
more complete textbook. The routine methods are well described. There is also 
considerable discussion of spinal fluid examination, neurological radiology, and 
angiography. 

Several striking omissions are noted. There is no discussion of electroenceph- 
alography, which is so widely used as a diagnostic method in this country. There 
is no mention of the neostigmine test for myasthenia gravis. The chapter on psy- 
chosomatic examination is limited to a brief discussion of aphasia. The psychiatric 
aspects of the examination are brief a'nd reflect purely Kraepelinian concepts, in- 
stead of the more modern dynamic approach prevalent in this country. 

Despite these limitations, this book will doubtless continue to be popular among 
students and physicians interested in learning the technique of neurological ex- 
amination. 

G. G. M. 

Diabetes and the Diabetic in the Community. By Mary E. Tangney. Illus. 259 
pp. $2.75. W. B. Saunders Company, Philadelphia, Pennsylvania, 1947. 

While primarily written for nurses, this book will be of some value to practicing 
physicians as well. The routine care of diabetics is thoroughly covered in a clear, 
concise, easy -to-read style. The author fails, however, to stress the importance of 
completely drying the alcohol-sterilized insulin syringe before withdrawing prota- 
mine insulin. 

The short discussions of the physiological disturbances are over simplified^ and 
at times superficial, but they serve as an adequate background for the supervision 
of diabetic patients. The chapter on diabetes and pregnancy treats a very con- 
troversial subject in a didactic manner. The parenteral use of massive doses of 
stilbestrol and progesterone to correct hormonal imbalance during pregnancy is 
discussed as if it were a routine form of treatment. In reality, it is still in the ex- 
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perimental stage and too expensive for the average patient. The author states 
that these hormones must be given by injection because they lose about 90% of 
their efficiency when given orally. This is not true of stilbestrol, which is highly 
effective by mouth. Lastly, the author states that diabetes does not develop in 
the children of diabetic mothers unless the father carries the trait. While this is 
true, children of diabetic mothers whose husbands do not carry the trait may trans- 
mit the disease to their children, 

H. F. K., Jr. 

Diagnosis in Daily Practice. By Benjamin V. White and Charies F. Geschick- 
TER. Illus. 693 pp. $15.00. /. B. Lippincotl Company, Philadelphia, 
Pennsylvania, 1947. 

The authors have used mortality and morbidity statistics as a basis for their 
selection of the more common physical and mental disease entities which should be 
recognized promptly by the practicing physician. Symptoms and clinical findings 
are then to be evaluated for indications for further diagnostic studies. The proper 
studies are outlined. A compendium of clinical and diagnostic data and an outline 
for routine physical examination are given as an aid to enable the physician to 
recognize and differentiate the diseases. 

In a single volume an effort has been made to cover practically the entire field 
of medicine by means of sign and symptom outlines, abbreviated descriptions of 
disease complexes, diagrams, and photographs. The attempted scope of the work 
is of such magnitude that no single subject is in any manner adequately covered. 

It is the feeling of this reviewer that good diagnosis cannot be reduced to such 
simple terms. 

C. H. B. 

Diseases of Metabolism, 2nd Ed. Edited by Gariield G. Duncan. Ulus. 1045 
pp, $12.00. W. B. Saunders Company, Philadelphia, Pennsylvania, 1947. 

This volume brings together a group of surveys covering the chief fields of meta- 
holic interest. The contributors are recognized authorities in their fields. The 
presentations are clear and well organized. The approach is primarily meta- 
bolic. A great deal of fundamental information is presented in detail. The vita- 
mins and avitaminoses are described extensively. Endocrinologj" enters only so 
far as it affects metabolism. Diabetes meUitus and insipidus, hyperinsulinism, 
and disorders of the thyroid gland receive individual attention. The anterior 
pituitary, adrenals, and parathyroids are mentioned under suitable metabolic sub- 
jects. The gonads and their metabolic effects receive scant attention. Renal 
disease and various aberrations of metabolism are well covered. 

The editor has brought together a valuable symposium on metabolism and meta- 
bolic disorders. Some overlapping and omissions are almost inevitable in a 
large collaborative enterprise. The description as a “text book for the practi- 
tioner” is justified by the large content of clinical interest. Although some chap- 
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ters might make difficult reading for the practitioner, the usefulness as a reference 
work would be considerable. 

J, A. L., Jr. 

Nursing. By Lulu K. Wolf. Ulus. 534 pp. $3.50. D. Applelon-Century 
Company, New York, New York, 1947. 

Miss Lulu K. Wolf addresses her book on nursing to student nurses in their 
first year of school. The book is divided into three parts. In Part I, the student 
is oriented to the profession of nursing, giving her the broad trends and philosophy 
which have brought nursing to the present day level of an emerging profession. 
She is acquainted with the nation’s health problems and the part played hy the 
nurse in the health programs. 

Part II helps the student to become familiar with the hospital as one of the com- 
munity’s health centers. The importance of the patient’s introduction to the 
hospital and its environment is discussed in detail. 

Part III orients the student to the numerous practical procedures and principles 
of nursing involved in patient care. At the end, emphasis is given on the necessity 
of helping the patient and family plan for the patient’s return and care at home. 

Miss Wolf’s conversational style of writing makes for a clear and personal ap- 
proach to students. The frequent illustrations help to clarify the details of nursing 
procedure. 

I feel that many instructors of nursing arts will welcome this as a text. 

M. F. G. 


Nursing in Modern Society. By Mary Ella Chayer. 288 pp. $4.00. G. P, 
Putnam’s Sons, New York, New York, 1947. 

“Nursing in Modern Society” is, as its title suggests, a thought-provoking dis- 
cussion of the problems and opportunities which face the nursing profession today. 

The author is a .s killf ul teacher and presents her subject matter in a style which 
is clear, concise, and altogether delightful. She uses the device of giving just 
enough about historical events and present issues to make her point, to give the 
reader perspective, and to whet the appetite for more. This desire for further en- 
lightment is strengthened by the inclusion of a comprehensive bibliography of 
source material. 

The book is one which will appeal to all persons interested in nursing. Whether 
the reader is chiefly concerned with legislation, nursing education, public health 
trends, or how to get more adequate nursing service for the community, he will 

find these and many more questions offered for thought and study. 

The need for a solution of present dilemmas which face the profession is dis- 
cussed; and original, forward-looking plans proposed. In subject matter of this 
nature, controversial issues are raised, of necessity, and will arouse wholesome 

argument. t ■ i 

The message which is emphasized throughout this work is that the professiona 

nurse needs a broader preparation for community and world service, and a new, 
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sharper awareness of the social forces whose impact is shaping her work. This 
presupposes drastic changes and a new design for nursing education curricula. 

This volume is divided into three sections: 

I The Impact of Social Forces Upon Nursing. 

II The Influence of Social Forces Upon Community Health Needs. 

Ill Building a Better Future. 

It introduces a proposed new series of books with the general title “Modern 
Nursing.” It is the kind of book which should be made available to all nurses in 
hospitals and public health agencies, and would be invaluable as a text for under- 
graduate and graduate class discussion groups. 

G. L. C. 

Surgery of the A mbulatory Patient. 2d Edition. By L. Keaeer Ferguson. IUus. 
932 pp. $10.00. J. B. Lippincoit Company, Philadelphia, Pennsylvania, 
1947. 

The new second edition brings the original 1942 volume up to date. This text, 
since its original publication, has been extremely popular with surgeons, house 
ofiBcers, and students. The reason is not hard to find ; the book supplies a real need 
in dealing constructively with what generally has been known as “minor surgery” 
from a new and forceful angle. Written by an author and collaborators who have 
had wide experience in out-patient and office work, the contents are authoritative 
and practical, though not encyclopedic. The material is well arranged, covering a 
wide field of congenital, inflammatory, and neoplastic diseases, while a generous 
section is devoted to the musculoskeletal system, including fractures. A helpful 
quick reference graphic index of the soft tissues and of the musculoskeletal system 
is found on the inside cover and flyleaf. There are more than 600 illustrations, 
many of them demonstrating technics of treatment. The volume is nicely printed 
on good paper. This book deserves a place in the library or on the desk of any 
student, surgeon or practitioner who wants an authoritative reference volume for 
out-patient and office surgical practice. 

S. McL. 

Textbook of Medicine, 7th Edition. Edited by Russell L. Cecil. Ulus. 1730 
pp. $10.00. W. B. Saunders Company, Philadelphia, Pennsylvania, 1947. 

The seventh edition of this outstanding text follows the general pattern of pre- 
vious editions. A good deal of new material has been added, and the information 
and references are uniformly up to date. There are a number of welcome additions 
to the roster of contributors. The seventh edition is recommended as a remarkably 
complete and usable text for study or reference. 


J. A. L., Jr. 
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Certain aspects of total intravenous feeding in the pre- and post- 
operative management of patients who tmderwent maj'or operations on 
the gastrointestinal tract have been previously reported (1). Great 
reduction in number of stools and amount of feces occurred during 
total intravenous feeding. At operation the intestinal tract was 
found empty and in good condition for surgical manipulation. 

The present report contains observations on the chemical and bac- 
teriological content of enemas, given at intervals, during total intra- 
venous alimentation, to patients subjected to minor surgical proce- 
dures. 


METHODS 

Diet. The intravenous diet consisted of a solution of casein hydroly^ 
sate,^ glucose and potassium chloride in water. 10 gm. of nitrogen and 
1600 calories per 1.73 square meters of the patient’s surface area were 
given daily (2). A uniform diet of this t)q)e was desirable for studies 
of the vitamin metabolism of these patients, which were carried out in 
collaboration with Dr. Saul H. Rubin and Dr. Elmer Sevringhaus and 
are to be reported elsewhere (3). The quantity of Amigen given per 
1.73 square meters of smface area contained approximately 33 meq. of 
chloride, 75 meq. sodium, 330 mg. calcium and 700 mg. phosphorus. 

^ The work described in this paper was carried out under a contract between 
the Johns Hopkins University and the Oflice of Naval Research. 

-This was usually Amigen which was supplied through the courtesy of Dr. 
Warren Cox, Jr. of Mead Johnson and Company. In our experience nausea and 
vomiting have occurred infrequently with this hydrolysate, using the concentra- 
tions and rate of infusion as previously outlined (1). In only one of the cases 
herein reported was vomiting apparently due to Amigen. 
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ing laparotomy under ether anesthesia, during which metastases to abdominal 
l 3 Tnph nodes were found, the patient was given intravenous feeding for six days. 
Daily SOO cc. enemas were administered. The enema given during the fourth day 
was not analyzed because of contamination with urine. Bacteriologic studies were 
not made. 

J. A. (J. H. H. i^403466), a 17-year-old boy, was admitted for right inguinal 
hemiorraphy. He was fed wholly by vein for seven days. Hemiorraphy was per- 
formed under spinal anesthesia on the third day. Daily enemas were administered. 

H. A. (J. H. H. 403957), was a 37-year-old man with an umbilical hernia. 
Hemiorraphy was carried out under spinal anesthesia on the third day of intra- 
venous feeding, which was given for nine days. Daily enemas were administered. 
The enema fluid recovered at the end of the third day was clear and scanty. 
Through error it was discarded. Bacteriological studies were not made. 

G. R. Q. H. H. ^410439), was a 28-year-old man with a left inguinal hernia. 
Hemiorraphy was performed under spinal anesthesia on the second day of intra- 
venous feeding, which was given for seven days. The first day, while receiving a 
casein hydrolysate other than Amigen, the patient experienced severe nausea and 
vomiting which were followed by several spontaneous stools. The following days 
Amigen was given without reaction. Enemas were given at the end of the first 
and seventh da}^. 

B. A. (J. H. H. #318701), a 16-year-old boy, was admitted for repair of an 
umbilical hernia. Intravenous feeding was given for eight days. Hemiorraphy 
was carried out under spinal anesthesia on the third day. An enema was given at 
the end of the eighth day. 

0. F. (J. H. H. #413610), was a 42-year-old man with an epigastric hernia. A 
complete collection of feces was made in the 24 hours prior to the start of intra- 
venous feeding. Hemiorraphy under spinal anesthesia was performed on the 
third day of intravenous feeding which was given for five days. Vomiting occurred 
several times during the last two days of intravenous feeding, but there were no 
spontaneous stools. An enema was administered at the end of the fifth day. 

J. 0. (J. H. H. # 197187), a 33-year-old man, was admitted for excision of an 
ischiorectal sinus tract. A complete collection of feces was made during the 24 
hours prior to the start of intravenous feeding. A spontaneous stool occurred 
during the first day of parenteral feeding. Operation was performed under spinal 
anesthesia on the fourth of seven days of intravenous feeding. A casein hydroly- 
sate other than Amigen was given, and vomiting of small quantities of material 
occurred two to six times per day during the last three days. There were two 
spontaneous stools during the last day of intravenous feeding. Enemas were given 
at the end of the third and seventh days. 

T. H. Q. H, H. # 305627) , was a 56-year-old man with pmritis ani. A complete 
collection of feces was made during the 24 hours prior to intravenous feeding. 
Alcohol injection was carried out under spinal anesthesia on the sixth of seven days 
of intravenous feeding. There was a small loss of fecal material at operation. 
Enemas were given at the end of the fifth and seventh days of intravenous feeding. 
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TABLE I 


Recovery of minerals and nitrogen from colon by otemas and stools during total 

intravenous feeding 





VOIUME OP 





PATIENT 

DAY 

SPECIMEN 

ENEMA 

RECOV- 

CALCIUM 

PHOS- 

PHORUS 

POTAS- 

SIUM 

NinoOFN 




EEED 






Group 1 





per cent 


mg. 

meq. 

gm. 

B. A. 

8 

Enema 

79 

7 

6 

1 

0.1 



Amount per day 


0.9 

0.8 

0.1 

0.01 

F. R. 

2 

Stool 


664 

336 

18 

0.1 


8 

Stool 

48 

319 

332 

16 

0.3 


8 

Enema 


11 

IS 

1 

0.1 



Total 


994 

683 

35 

0.5 



Average per day 


124 

85 

4 

0.1 

H. I. 

B 

Enema 

93 

6 

3 

1 

0.0 


B 

Amount per day 


0.9 

0.4 

0.1 

0.0 

Group .2 

P. 1. 

1 

Enema 

79 

4 

1 


0.0 


2 

Enema 

60 

5 

1 


0.0 


3 

Enema 

100 

19 

8 

2 

0.8 


4 

Enema 

Not analyzed ! 





5 

Enema 

60 

28 

17 

1 

0.0 


6 

Enema 

76 

137 

35 

1 

0.1 



Total 


193 

62 

4 




Average per day 


39 

12 

0.8 

■ 

J. A. 

1 

Enema 

67 

166 

32 

0 



2 

Enema 

80 

8 

6 

1 

IB 


3 

Enema 

33 

5 

1 

1 

0.^ 


4 

Enema 

33 

2 

1 

0 

0.1 


5 

Enema 

70 

4 

2 

1 

IB 


6 

Enema 

73 

22 

2 

2 

IB 


7 

Enema 

93 

77 

41 

8 

0.7 



Total 


284 

85 


2.4 



Average per day 


41 

12 

fM 

0.3 
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TABLE 1 — Concluded 




VOtUME or 








PHOS- 

POTAS- 

DAY 

SPECtlCEN 

REOOV- 

CAICIUJI 

PflORUS 

SIUII 



ERED 







per cent 

fTtg- 

ms. 

meq. 

sm. 

1 

Enema 

70 

111 

96 

6 

0.1 

2 

Enema 

73 

26 

28 

4 

0.8 

3 

Enema 

Not analyzed 




4 

Enema 

60 

4 

2 

0 

0.0 

5 

Enema 

89 

6 

13 

1 

0.5 

6 

Enema 

84 

9 

31 

7 

1.4 

7 

Enema 

71 

259 

240 

8 

1.1 

8 

Enema 

81 

74 

30 

9 

1.8 


Enema 

89 

231 

119 

10 

0.5 


Total 


720 

559 

45 

6.2 


Average per day 


80 

62 

5 ' 

0.7 


Group 3 


0. F. 

5 

Enema 

87 

139 

32 

6 

EQ 



Amoxmt per day 


28 

6 

1 

m 

G. R. 

1 

Stool 


1,670 

985 

25 



1 

Enema 

88 

23 

33 

2 

mO 


7 

Enema 

85 

1 

15 

30 

5 

bI 



1 

Total 

1 

1 

1,708 

1,048 

32 

2.0 



Average per day 

1 

244 

150 

5 

0.3 

j.O. 

1 

Stool 


470 

356 

11 

0.5 


3 

Enema 

93 

6 

3 

0 

0.0 


M 

Stool 


513 

344 

18 

1.2 


H 

Enema 

96 

4 

3 

0 

0.0 


■ 

Total 


993 

706 

29 

1.7 


■ 

Average per day 


142 

101 

4 

0.2 


Because of the loss of feces at operation, excretion studies on this patient are not 
included. 

F. R. (J. H. H. S 310860), a 56-year-oId man, v?as admitted for repair of a right 
inguinal hernia. There was no anemia or leuiocytosis, but he was found to have 
eosinophilia of 20 and 11 per cent by two determinations. Two specimens of feces 
were examined bj' a parasitologist who found no parasites. Feces were collected 
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« 

during the 24 hours prior to eight days of intravenous feeding. Hemiorraphy 
under anesthesia with sodium pentothal and ether was carried out on the fourth 
day. The patient had spontaneous stools on the second and eighth days. An 
enema was given at the end of the eighth day. 

H.LQ.H.H. « 422744) , was a 57-year-old man with bilateral inguinal hernias. 
Hemiorraphy was performed under anesthesia with sodium pentothal and ether 
on the third of seven days of intravenous alimentation. There were no spontane- 
ious stools. An enema was given at the end of the last day of intravenous feeding. 

RESUXTS 

Chemical Studies. The data, obtained by analyses of enemas from 
each patient, are given in the three subdivisions of Table I. Patients 
who received infrequent enemas are in group I; those who received 
daily enemas are in group II; patients who experienced nausea or 
vomiting during the intravenous alimentation are listed in group ITT . 

There are three patients in group I. Each of these patients received 
an enema on the morning that intravenous feeding began, and no sub- 
sequent enema was given until the course of intravenous feeding was 
completed. Patient B. A. had no spontaneous evacuation. The 
enema given at the end of eight days of intravenous feeding recovered 
7 mg. of calcium, 6 mg. of phosphorus, 1 meq. of potassiiun and 0.1 
gm. of nitrogen. H. I. had no spontaneous evacuations. An enema 
given at the end of seven days of intravenous feeding recovered 6 mg. 
of calcium, 3 mg. of phosphorus, 1 meq. of potassium and 0.0 gm. of 
nitrogen. F. R. had two spontaneous evacuations (one on the second 
day of intravenous feeding and one on the last day. An enema was 
given on the last day after the spontaneous stool). Total recovery of 
material from the colon over the eight day period of intravenous feed- 
ing was 994 mg. of calcium, 683 gm. of phosphorus, 35 meq. of potas- 
sium and 0.5 gm. of nitrogen. 

Group II. Three patients received daily enemas. 193 mg. of cal- 
cium, 62 mg. of phosphorus, 4 meq. of potassium and 0.9 gm. of nitro- 
gen were recovered from P. I. in six days; 284 mg. of calcium, 85 mg. 
of phosphorus, 13 meq. of potassium and 2.4 gm. of nitrogen from J. 
A.. in seven days; and 720 mg. of calcium, 559 mg. of phosphorus, 45 
meq. of potassium and 6.2 gm. of nitrogen from H. A. in nine days. 

Group III. Three patients experienced nausea and vomiting. 0. 
F. received no enemas in five days of intravenous feeding during the 
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TABLE n 

Recovery of viable aerobic bacteria from the colon by enemas and spontaneous stools during 

total intravenous feeding 


Day 0 is the day of oral feeding prior to the start of intravenous feeding. 


PATIENT 

PAY 

MATERIAL 

ENEMA 

EECOV- 

ERED 

VOI^ 
UME ! 
DILU- 1 
TION 
OF 

STOOL 

BAC- 

TERIAL 

CON- 

CENTRA- 

TION 

PERCC. 

X m 

TOTAL 
BAC- 
TERIA 1 
RECOV- 
ERED 

X io» 

NET CHANGE IN ENEMA 
COUNTS (approximate) 

N. 

GRAMS 

TOTAL 




per cent 






F. R. 

0 

Stool 


200 


1.0 


0.10 


0 

Enema 

91 



5.4 




8 

Enema 

47 


48 

16.9 

3-fold incr. 

0.10 

T. H. 

0 

Stool 


200 

6 

1.2 




0 

Enema 

61 


1 

0.5 





Enema 

52 


3 

1.2 





Enema 

93 


3 

2.1 

4^fold incr. 


B. A. 

0 

Enema 

96 


0.3 

0.2 


0.10 


8 

Enema 

79 


25.3 

15.0 

75-fold incr. 

0.01 

O.F. 

0 

Stool 


270 

6 

1.6 




0 

Enema 

107 


1 

0.8 




5 

Enema 

87 


158 

103.0 

128-fold incr. 

0.80 

J.A. 

0 

Enema 

55 


2 

0.8 


0.30 


2 

Enema 

80 


19 

11.4 


0.60 


3 

Enema 

33 


15 

37.1 


0.30 


4 

Enema 

33 


29 

71.6 


0.10 


S 

Enema 

70 


21 

110.0 


0.20 


6 

Enema 

73 


73 

399.0 


0.20 


7 

Enema 

93 

! 

105 

734.4 

917-fold incr. 

0.70 

J.O. 

0 

Stool 


200 

11 

2.2 


0.50 


0 

Enema 

100 


9 

6.7 





Enema 

93 


3 

2.1 


0.00 



Enema 

96 

1 

9 

6.5 

No change 

0.00 

G. R. 

0 

Enema 

88 


0.04 

0.026 


0.30 


n 

Enema 

88 


0.02 

0.013 

i 

0.70 


m 

Enema - 

85 


0.02 

0.013 

2-fold deer. 

1.00 

H.I. 

0 

Enema 

136 

1 

26 

26.4 


0.00 


7 

Enema 

93 


1 

0.7 

37-fold deer. 

0.00 
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last two of which nausea and vomiting occurred. An enema at the 
end of this time recovered 139 mg. of calcium, 32 mg. of phosphorus, 
6 meq. of potassium and 0.8 gm. of nitrogen. G. R. had a spontaneous 
stool during the first day of intravenous feeding, during which nausea 
and vomiting occurred. 1708 mg. of calcium, 1048 mg. of phosphorus, 
32 meq. of potassium and 2.0 gm. of nitrogen were recovered in one 
stool and two enemas during the seven days of intravenous feeding. 



Chart I. Recovery of Viable Bacteria from the Colon by Enemas 
DURING Total Intravenous Feeding 


The concentrations of bacteria in returned enema fluids are plotted against the 
days of intravenous feeding on a semilogarithmic graph. 

J. 0. passed a stool rich in minerals during the first day of intravenous 
feeding. Enemas were given on days 3 and 7. Two more stools were 
passed the last day of parenteral feeding, during which nausea and 
vomiting occurred. From these stools and the enemas on days 3 and 
7, a total of 993 mg. of calcium, 706 mg. of phosphorus, 29 meq. of 
potassiiun and 1.7 gm. of nitrogen were recovered during seven days. 

Bacteriologic Studies. The data obtained by culture of the stools 
and enemas are recorded in Table II. It will be seen that in five of 
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nous feeding. Such material might result from upper intestinal tract 
juices® which had not been reabsorbed, or secretions into the colon 
directly. The latter seems highly unlikely; previous studies with iso- 
lated pouches have shown little or no secretion by the colon of the 
elements under study here (7). 

With these considerations in mind, one is struck by the small colonic 
contents of the patients in all three groups. Patients B. A. and H. I. 
in group I had no stools during the intravenous feeding periods of 
eight and seven days, respectively; and their colonic contents were 
neghgible at the end of the periods. F. R., also in group I, had two 
spontaneous stools. That of day 2 may be discounted for reasons de- 
scribed above. That of day 8 may represent material secreted during 
the eight days of intravenous feeding. 

Recovery of calcium, phosphorus, nitrogen and potassium in the 
washings of group II, who were given daily saline enemas, was slightly 
higher than in group I. The yield at the end of day 1 was not invari- 
ably greater than the average of subsequent days, though usually it 
was so. 

In group III, who experienced some nausea and intestinal unrest at 
some time during their intravenous feeding, again with elimination of 
the fecal excreta of day I, one finds somewhat greater colonic contents 
than in group I. 

The conclusion may be reached that, during total intravenous ali- 
mentation, in the absence of nausea or vomiting, and when enemata 
are not regularly administered, there are small quantities of calcium, 
phosphorus, nitrogen and potassium in the colon. Upper tract secre- 
tory activity is either greatly reduced, or the normal secretions are 
reabsorbed prior to reaching the colon or very promptly after reaching 
the colon. That there is intimate functional reflection on the small 
intestine by abnormahties in the colon and vice versa is well known. 
A patient (previously mentioned above) had an ileostomy; the colon 
healed and after a year reanastomosis was carried out. For three days 

® This includes gastric, intestinal and biliary fluids and saliva. We were unable 
to estimate the amount of saliva swallowed; the patients felt it was minimal. How- 
ever, in nauseated patients, salivation was increased and probably considerable 
material was swallowed. 
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THE BRITISH NATIONAL HEALTH SERWCE^ 

SIR WILSON JMIESON 

Chief Medical Officer, Ministries of Health and Education, London, England 
Received for publication December 29, 1947 

The National Health Service Act is one of three important measures 
for social security planned to come into operation in July, 1948. One 
of the other measures, which has still to be debated in Parliament, 
wiU sweep away the remnants of the Poor Law; will transfer the grant- 
ing of financial aid from local to central government to be administered 
by a National Assistance Board; and wiU require the major local 
authorities to provide residential accomodation for the aged, infirm 
and others, together with special welfare services for handicapped 
persons, such as the blind. The third group of measures, already em- 
bodied in Acts of Parliament, deals with national insurance and cer- 
tain welfare services which include famUy allowances, improved 
V money benefits for sickness and unemployment, and more generous 
pensions in old age. A mid-day meal and milk are to be provided 
free for all chUdren in state-aided schools, and mUk and vitamin 
supplements, free or at greatly reduced prices, for pregnant and mnsing 
women and for pre-school chUdren. 

The National Health Service is, in its main features, the logical 
outcome of a large number of public health measures that have been 
introduced during the past forty years. Indeed, the demand for such 
a service came in the first instance from the medical profession itself. 
The arrangements made during the recent world war for the co-ordina- 
tion of hospitals in Britain showed the advantages to be gained from a 
well-planned hospital system, and the rising costs of medical care made 
e^^dent the desirability of providing some form of national health 
service avaUable to all the people. The decision to establish such a 
service was made by a Coalition Government and the outline of the 
proposed scheme was embodied in a WTiite Paper in 1944. The Na- 

DcLamar Lecture delivered at the Johns Hopkins University, School of 
Hygiene and Public Health, October 3, 1947. 
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tional Health Service Act,^ though passed by the present Government, 
differs in only a few — though important — respects from the White 
Paper scheme. 

OUTLINE OF T HE SERVICE 

The Act places upon the Minister of Health a general duty “to 
promote a comprehensive health service for the improvement of the 
physical and mental health of the people of England and Wales, and 
for the prevention, diagnosis and treatment of illness.” The Minister 
is, of course, assisted by a large body of technical and administrative 
civil servants and advisers and is responsible to, and liable to be called 
to account by, Parliament for all his actions or shortcomings. He 
win have a special advisory body known as the Central Health Ser- 
vices Council, consisting of a majority of professional persons together 
with others who have experience of hospital management, local govern- 
ment and mental health services. The presidents or chairmen of six 
of the principal medical organisationswiU be exqfficio members. Stand- 
ing committees of the Council will be appointed to advise on particular 
problems. In these ways practising members of the profession will 
be brought into direct contact with the regular work of the Ministry. 

The Service will be available to every man, woman and child in the 
country. With some small exceptions there will be no fees or charges 
to the patient but it will be open to people, if they wish, to pay for 
additional amenities in certain cases — for instance, the extra cost of 
more expensive articles or appliances, or for additional privacy in 
hospitals (which in any event they wiU be able to obtain free if it is 
medically necessary). 

HOSPITAL AND SPECIALIST SERVICES 

The Act transfers to the Government the existing property, premises 
and equipment of all voluntary and public hospitals. Though the 
Minister of Health has a general duty to provide hospital and special- 
ist services of all kinds, organised on a national scale, the actual ad- 
ministration of the services is delegated to regional hospital boards 
and to local hospital management committees. 

^ There are separate National Health Service Acts (1) for England and Wales 
and (2) for Scotland, but the differences are immaterial. 
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For this purpose, England and Wales are divided into fourteen 
regions, each based on a university medical school whose influence 
will, it is hoped, do much to promote higher standards of professional 
work throughout the regions. The hospital boards have now been 
appointed by the Minister after consultation with the universities, the 
medical profession, the local health authorities and the voluntary 
hospitals. Members with experience of the mental health services 
are included. These boards, as agents of the Minister and in collabora- 
tion with the teaching hospitals, will plan, and execute the plan for a 
co-ordinated hospital and specialist service for their regions. They 
are in process of appointing for each large hospital, or related group 
of hospitals, within their region, a local hospital management conunit- 
tee which will carry out the day-to-day management of the hospital 
under its control. In its task of appointing the members of these com- 
mittees, the regional hospital board must consult with organisations 
representative of general medical practitioners, with the senior medical 
and dental staffs of the hospitals concerned, and with those local 
government bodies which have been given powers as local health 
authorities. 

Hospitals or groups of hospitals that are designated as teaching 
hospitals are not under the control of the regional boards or local 
management committees. For each such hospital or group of hospitals 
a board of governors is being constituted which wiU include members 
nominated b}'- the university, the regional board, and the senior staff 
of the hospital or hospitals concerned. 

The endowments of the teaching hospitals wUl pass direct to the 
new boards of governors; the endowments of the other voluntary 
hospitals will be placed in a central Hospital Endowment Fund. After 
e.xisting liabilities have been discharged, the capital value of the Fund 
will be apportioned among the regional boards and the management 
committees. The income of each portion may be used by these bodies 
as they tliink best and they may also draw on the capital for any ap- 
proved purpose. 

Specialists may give either whole or part time service and private 
practice will therefore still be open to them. Although they will be 
attached to the staff of particular hospitals they wUl receive their ap- 
pointments from, and be the emplo3'^ees of, the regional hospital 
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boards or the board of governors in the case of teaching hospitals. 
The appointments will be made on the advice of an expert professional 
advisory committee and only after public advertisement of the va- 
cancy in the manner customary for such positions in Great Britain, 

Private accommodation will continue to be provided in hospitals for 
persons who desire to pay the whole cost of their treatment— subject 
to the over-riding right of other patients to be admitted to such ac- 
commodation if medical considerations urgently require it. 

FAMILY DOCTOR SERVICE 

To a large extent the family doctor service will be the logical de- 
velopment of the service created by the National Health Insurance 
Act of 1911. The health insurance scheme has been an important 
factor in securing a basic standard of medical service for the employed 
sections of the community and at the present time provides a service 
for nearly one half of the total population of the country. So success- 
ful has it been that as early as 1933 the British Medical Association 
in their “Proposals for a General Medical Service” recommended that 
health insurance should be extended to dependants of insured persons. 
Undoubtedly the experience of the past 36 years will greatly facilitate 
the administrative arrangements necessary for making the family 
doctor service available to all. 

In the counties and in cities having the status of county boroughs, 
bodies known as local executive councils have been appointed to ad- 
minister the general medical and dental services. Half of the members 
of these bodies are representative of the local doctors, dentists and 
pharmacists, and it is with these bodies and not with the Govermnent 
or with local authorities that the family doctor will enter into contract. 
Any general practitioner will be entitled to take part in the Service in 
the area in which he is already practising — ^he may at the same time 
continue to treat privately for fees persons who are not on his public 
list. People wiU have free choice of doctor, subject to the doctors 
own consent, and all the well established professional rela,tionships 
between doctor and patient will be retained. It is hoped that the 
doctors will be real “family doctors”, interested in the promotion of 
health and the prevention of ill-health just as in the treatment of the 
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sick. They have all the available hospital, specialist and nursing 
help at their disposal. 

A doctor will not be told where he must conduct his practice. Be- 
fore he starts public practice in a fresh area he will have to obtain 
the consent of a central professional body known as the Medical 
Practices Committee, but consent can be withheld only on the grovmd 
that the area in question has already an ample supply of doctors 
while other areas are still under-doctored. A doctor aggrieved by 
any decision of the Committee may appeal to the Minister. 

In future, practices that are wholly or partly within the National 
Health Service may not be bought or sold. However, as many doctors 
have invested considerable sums in the purchase of practices, the 
Government has decided to compensate them and a sum of £66 mil- 
lions will be provided to meet the claims. 

GROUP PRACTICE IN HEALTH CENTRES 

There has been an increasing tendency in recent years for general 
practitioners to enter into group or partnership practices. Such 
practices differ from their American counterpart largely in that they 
are composed wholly of general practitioners, the individual members 
of the group professing some degree of specialisation within the com- 
petence of the family doctor. The Medical Planning Commission of 
the British Medical Association in its draft Interim Report gave sup- 
port to this form of practice. ^\'hile it is possible for such a group to 
practise without premises used in common, there is much to be said 
in favour of their sharing accommodation in what has come to be 
known as a health centre. In such a centre it is simple to provide 
more elaborate facilities for diagnosis and treatment, as well as secre- 
tarial and nursing assistance. In addition, some of the personal 
health services of the local health authority may usefully be based on 
such a centre and so make easier the participation in those services 
by the family doctor group. The advantage of ha\nng such a centre 
closely associated with a medical school and used for the teaching of 
medical students is so ob\dous as hardly to need mention. WTiile 
doctors -will continue to practise for some considerable time to come 
from thdr own professional premises, it is intended to c-xperiment 
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largely in the provision of health centres. These centres will doubtless 
vary considerably in type, but if preventive and curative medicine are 
to blend in the new Service it is important that as many family doctors 
as possible should take part in the personal preventive health work 
for which the local health authorities are responsible. 

DENTAL SERVICES 

Here priority will be given to expectant mothers and young people. 
This will be done through the local health authorities’ maternal and 
child welfare and school health services. For those who do not come 
within the priority classes a general dental service will be available, 
but such persons will not be able to obtain full dental care without 
waiting. Any dentist who wishes to take part in the public service 
will have the right to do so and, like the family doctor, will contract 
for service with the local executive council. 

LOCAL HEALTH AUTHORITY SERVICES 

The councils of counties and of those cities having the status of 
county boroughs will be responsible for the provision of health centres 
and for their maintenance and staffing — apart from the medical and 
dental staff who will be provided by the local executive councils. 
They will also have the duty — now only a power — of making adequate 
arrangements for maternal and child care (other than institutional), 
for domiciliary midwifery, for public health and home nursing, for 
ambulance services, and for vaccination against smallpox and im- 
munisation against diphtheria. They are also empowered to make 
arrangements for the prevention of illness, the welfare and after care 
of persons suffering from iUness or mental defectiveness, and for the 
provision of domestic help for households where such help is required 
on account of illness or other specified cause. County and county 
borough councils are responsible for education within their areas and, 
therefore, for the school health service. 

The compulsory vaccination of infants is abolished. During re- 
cent years the compulsory element has become increasingly unpopular 
and much of the legislation of the Vaccination Acts is now unenforce- 
able. It is expected that greater success will be achieved by methods 
similar to those which have already proved so successful in the case of 
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but as the funds available from this source will amount only to some 
£32 millions per year, the greater proportion of the cost will fall upon 
the Government, and will be met partly from central government 
funds and partly, though to a much smaller extent, by local taxes. 
It must be emphasised, however, that the Health Service is not an 
insurance scheme and every member of the public will have the benefit 
of the Service whatever may be his situation in relation to the National 
Insurance Scheme. 


GENERAL 

The Act provides the administrative structure of the Ser-vice; the 
working arrangements must be made by way of regulations laid before 
Parliament. The details of these regulations are being discussed at 
the present time "with the various interested bodies. Considerable 
progress has been made with those parts of the Service that concern 
mainly hospitals and local health authorities. A good many matters 
are stiU outstanding as regards the medical profession. One important 
point is, of course, the remuneration of the family doctors. There is 
agreement on the range of such remuneration, as laid down in the 
report of the 'Spens Committee': 

“In respect of a publidy organised health service, a scheme should be devised 
which will ensure that between 40 and 50 years of age approximately SO per cent, 
of general practitioners receive net incomes of £1,300 and over, and which will 
also secure, so far as practicable, that between 40 and 50 years of age approxi- 
mately three-quarters receive net incomes over £1,000, that approximately one- 
quarter receive net incomes over £1,600, that slightly less than 10 per cent, receive 
net incomes over £2,000 and that, in a small proportion of cases, it is possible to 
obtain net incomes of at least £2,500. By net income we mean gross income less 
such professional expenses as are allowed by the Inland Revenue for Income Tax 
purposes. Our recommendations are in terms of the 1939 value of money. 

“Before 40 and after SO, practitioners should be remunerated at the rate ap- 
plicable between 40 and 50 to the burden and responsibilities of practice which 
they are in fact carrying. 

“On completion of resident hospital appointments a recently qualified practi- 
tioner should secure an initial net income of not less than £500 per annum, as an 
assistant to a doctor in general practice.” 

The Government’s suggestion is that a small part of the remunera- 
tion should be by way of basic salary or guaranteed minimum and the 
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A FAMILIAL SPREAD OF VACCINIA WITH ONE DEATH 

Isolation and Identification of the Virus 

FRIEDA G. GRAY* 

[From The Department of Pathology, The Johns Hopkins University and Hospital) 
Received for pubKcation February 2, 1948 

Generalized vaccinia in normal individuals and in eczematous chil- 
dren following vaccination is not rare, as evidenced by the munerous 
cases cited in the reports of Ellis in 1935 (1), Tedder in 1936 (2), 
McKhann and Ross in 1938 (3), and Jubb in 1943 (4). Less common, 
however, is the transmission of the infection to eczematous and normal 
individuals from other cases of generalized vaccinia, or from persons 
recently vaccinated (1, 2, 3, 4). In only a few of these cases has the 
etiological agent been isolated and identified (1, 2, 3, 5, 6), The 
present report concerns the spread of vaccinia from a recently vacci- 
nated child to three other members of the f amil y and the isolation and 
identification of the virus from two of these. 

case histories 

Case 1. A3 year old negro male child (P. S.), who had a history of recurrent 
eczema since the age of 3 weeks, developed a skin eruption which the mother 
thought, at first, was an exacerbation of the eczema, even though he had been 
maintained on his restricted diet and had been free of lesions for approximately a 
year. In three days the character of the rash changed from a papular to a vesicu- 
lar, weeping, generalized eruption accompanied by intense itching and slight fever. 
The child rapidly became extremely iU, and, realizing that this was different from 
his previous episodes of eczema, the mother brought him to the Harriet Lane Home 
of the Johns Hopkins Hospital three days after onset of his illness. Thirteen days 
before the onset of his skin lesions, a six months old sister, after routine vaccina- 
tion on the upper arm, developed a “primary take” with vesiculation and umbilica- 
tion of the lesion in seven days. This child shared a bed with her 41 year old 
mother and the patient. 

On admission to the hospital on November 4, 1946, the patient was fairly well 
developed and nourished but severely dehydrated, semi-stuporous, although con- 
stantly scratching and rubbing his skin. Over the face, head, chest, and trunk 
there were round, slightly raised, discrete lesions S mm. in diameter. They were 
dry, umbilicated and encrusted for the most part, and a few were reddened and 

* Now at Yale University, Section of Preventive Medicine. 
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contributor}' except for the fact that until puberty she had had episodes of eczema 
but since then had had no skin rashes. Three attempted vaccinations in the past 
resulted in “no takes.” Family history revealed that her father had had eczema 
as a child and three of her 16 children had had infantile eczema. 

On admission to the hospital, the temperature, pulse, and respirations were 
normal. She was well nourished and appeared in good health except for the pres- 
ence of skin lesions. On the left temple there was a pustular, umbilicated and 



Fig. 1 . Section of Skin Taken at Autopsy from the Fatal Case of 
Vaccinia Shotong an Inclusion Body in an Epithelial Cell 


ulcerated papule, IS mm. in diameter, surrounded b}' induration. At the base of 
the left thumb there was a flatter, more umbilicated lesion, 5 mm. in diameter, 
resembling a vaccination “take” at about the 7th day. Similar isolated lesions 
were present on the right forearm and abdomen. Two papules, on the back and 
abdomen, previously treated with potassium permanganate, showed small clean 
central ulceration without evidence of secondary infection. Physical examination 
revealed no other abnormality. 

Laboratory Data: Hgb. 12 gm. RBC 3 million per cu. mm. WBC 8000 per 
cu. mm., with 62% neutrophiles, 31% lymphocytes, 5% monocytes, and 2% 
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eosinophils. The blood cultures were negative. Surface cultures of the temporal 
lesion revealed Staph, aureus hemol. and of the thumb lesion, B. proteus and Staph, 
aureus hemol. 

The lesions cleared spontaneously without scarring in about one week and re- 
covery was uneventful. 

Case 3. At the time the mother was admitted to the hospital she was accom- 
panied by a four year old son who had developed two lesions similar to hers at 
about the same time. (16 days after the vaccination of B. S.). These were 
described by the admitting.physician as vesiculated, umbilicated, slightly pustular 
lesions, about 5 mm. in diameter. There were only two such lesions present, one 
on the abdomen and one in the right popliteal fossa. Unfortunately, this child 
was sent home at that time and remained unavailable for study. 

EXPERIMENTAL METHODS AND RESULTS 

At autopsy on P. S. a few of the fresher lesions on the thighs and 
chest were lightly scraped with a scalpel. The material thus obtained 
and small blocks of superficial skin removed from the chest wall were 
ground in a mortar with sand and diluted with physiological saline. 
After allowing the emulsion to settle to get rid of coarse particles, the 
cloudy supernatant was used as inoculum in an adult white male rab- 
bit. Both corneas were lightly scratched and one drop of the emulsion 
put into the right eye, none in the left. The side of the same rabbit, 
was shaved, lightly scratched, in a cross-hatched pattern, and the 
emulsion gently rubbed into the area. In three days there was an 
opacity of the right cornea with a small ulcer in its center. The left 
cornea was free of reaction and the original corneal scratch could not 
be seen. The skin, in the area of scarification, was reddened and 
indurated. Many vesicular papules were present. The vesicles then 
became umbilicated, confluent, and encrusted so that by the 6th day 
there was a fine crusting over almost the entire area of scarification. 

Successive routine passages of the infectious agent thus isolated 
from P. S. were effected in rabbits every five to seven days by lightly 
scraping the encrusted area, collecting crust and lymph, diluting with 
saline, and using this as inoculum in the same manner as above. Each 
passage produced the reaction described above by the third or fourth 
day, the extent of vesiculation varying only slightly in various passages. 
Sixteen successive passages in rabbits were carried out in this manner. 
The crust and lymph harvested from certain passages were used in the 
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tests described below at the same time that routine transfer was done. 
The lymph and crust of numerous rabbit passages were stored in 80% 
glycerine in the icebox at 10°C. When last tested, after one month of 
storage, the potency had been maintained. 

Sections of the lesions produced in rabbits by inoculation of scarified 
cornea, by rubbing emulsions into scarified skin, and by intracutane- 
ous inoculation, were taken from numerous rabbit passages. These 
were fixed in Zenker’s acetic acid solution and stained with Hematoxy- 
lin-Eosin and Giemsa. The lesion produced in the cornea was ulcera- 
tion of the epithelium and hyperplasia of the marginal epithelium, with 
swelling and degeneration of these cells. Inclusion bodies were present 
in the marginal epithelial cells. There was thickening of the comeal 
lamellae beneath the ulcer with large mononuclear, neutrophilic and 
eosinophilic polymorphonuclear cells. The lesions produced by intra- 
cutaneous inoculation of the rabbit skin were in every way comparable 
with those seen in the child’s skin and described above. Those pro- 
duced after scarification were similar, but showed more extensive 
superficial coagulative necrosis and less reaction in the dermis, al- 
though this was still appreciable. Inclusion bodies of the Guamieri 
type were demonstrated in aU the histological sections. Figure 2 
shows these inclusions in a section of rabbit skin taken through a 
typical lesion 5 days after intracutaneous inoculation. 

Filtration of emulsified crust through Seitz filters has been done at 
intervals, the bacterial free filtrate producing typical lesions by corneal 
and intracutaneous inoculation and by rubbing into the scarified skin 
of rabbits. 

Titrations of the virus have been done at intervals. The lyinph and 
crust, obtained from routine passage rabbits, were weighed and, using 
1 cc. of physiological saline per gram, diluted to 1 : 10. Serial dilutions 
were made from the supernatant of the 1:10 dilution after allowing it 
to stand for 15 minutes to prevent the carrying over of large particles 
of the emulsion to higher dilutions. Each dilution (0.1 cc.) was in- 
oculated intracutaneously in the side and back of a rabbit. The end 
point of the titration was taken as the highest dilution producing ery- 
thema and edema with papule formation. The potency of the virus, 
by this method, has averaged from 1:4,000 to 1:10,000 and on one 
occasion was 1 : 100,000. 
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Bacterial cultures of routine transfer emulsion have at times revealed 
Staph, aureus hetuol., an unidentified gram positive bacillus, or non- 
hemolytic Staph, aureus. To test whether these organisms would 
produce the lesions generally obtained with the virus, each organism 
isolated from the emulsions was inoculated on the scarified skin of 
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Fig. 2. Section of Rabbit s Skin Showing an Inclusion 
Body in an Epithelial Cell 


normal white rabbits of the same weight generally used. At no time 
were lesions produced by these organisms. 

To further establish the identity of the virus isolated, a neutraliza- 
tion test was done in the following manner. The crust and lymph of 
the 13th rabbit passage were harvested, ground in a mortar and diluted 
1:10 by weight with physiological saline. The emulsion was allowed 
to settle for IS minutes and the supernatant serially diluted. One cc. 
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ance. This was emulsified and inoculated into the scarified cornea of a 
rabbit (Rabbit ^ 1), resulting in a superficial ulceration of the cornea 
and conjunctival hyperemia in three days. Material from this lesion 
was transferred to the scarified cornea and skin of another rabbit (Rab- 
bit 7 ^ 2 ). In three days a corneal ulcer and mild conjunctivitis were 

TABLE I 


Neutralization of ctiildls rabbit passage virus by vaccinia immune human serum 


DAYS 




VmUS TITRE 




1:20 

1:100 

1:200 

1:400 


1:2,000 

1:4,000 

1 

Vaccinia Immune Human 
Serum 

' + 

+ 

0 

0 

0 

0 

0 


Normal Human Serum 

++ 

+ 

1 

"h 

+ 

0 

0 

0 

2 

Vaccinia Immune Human 
Serum 

i (- 

i 

+ 

0 

0 

0 

0 

o’ 


Normal Human Serum 

+ “i — f~ 

-j — 

++ 

+ 

-f 

4" 

+ 

3 

Vaccinia Immune Human 
Serum 

++ 

+ 

1 

0 

0 

0 

0 

0 


Normal Human Serum 

+++ 

+-H-I 

++ 

++ 

+ 

+ 

4- 

4 

Vaccinia Immune Human 
Serum 



0 

0 

0 

0 

0 


Nlrmal Human Serum 

+++1 

-f++ 

++ 

++ 

+ 

+ 

-f- 


0, no reaction. 

-I, erythema and edema plus papule formation up to 5 mm. in diameter. 

-1+, erythema and edema plus papule formation over 5 mm. in diameter without 
central necrosis. 

+-b+, erythema and edema plus papule formation over 5 mm. in diameter with cen- 
tral necrosis. 

present, but no skin lesions were produced. Further attempts to 
continue transfers of this strain in rabbits were unsuccessful. 

Since comeal ulcers were produced in two of the rabbits, it was 
thought that the identity of the mother’s lesions might be established 
by using the serum of these rabbits for neutralization tests against the 
virus isolated from her child, and by testing the immunity of these 
rabbits to direct inoculation of that same vims. Thus, approximately 
three months after Rabbits ^ 1 and ^ 2 were first inoculated, 50 cc. 
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of blood was removed from each. A neutralization test using each of 
these sera, and normal rabbit serum as control, was performed in the 
same manner as that described above for the test done with immune 
human serum. The virus used in this test was the 15th rabbit passage 

TABLE II* 


Neutralization of child's rabbit passage virus by serum of rabbits inoculated viUh mother’s 

virus 


DAYS 

i 

S£KUM 



VIRCTS TITEE 





1:20 

1:100 

1:200 

1:400 

1:1,000 

1:2,000 

1:4,000 

1 

1 

Rabbit ^ 1 (inoc. from 
Mother) 

+ 

+ 

0 

0 

0 

0 

0 


Rabbit § 2 (inoc. from Rab- 
bit i?l 

+ 

1 

! + 

0 

1 

0 

0 

0 

0 


Normal Rabbit 

++ 

+ 

1 4" 

4- 

0 

0 

0 

2 

Rabbit 

+ 

+ 

0 

0 

0 

0 

0 


Rabbit ^2 

+ 

4" 

0 

0 

0 

0 

0 


Normal Rabbit 

4 — f- 

4-+ 

4* 

4- 

4* 

+ 

0 

3 

Rabbit ifl 

+ 

+ 

0 

0 

0 

0 

0 


Rabbit ^2 


+ 

0 

0 

0 

0 

0 


Normal Rabbit 

+++ 

+++' 

+++I 

4-4- 

4-4- 

4-4- 

4" 

4 

Rabbit 

4" 

4~ 

0 

0 

0 

0 

0 


Rabbit j^2 

+ 

4" 1 

0 

0 

0 

0 

0 


Normal Rabbit 

+++ 

+++' 

+++i 

1 

4-4- 

4-4- 

4-4- 

4-4* 

5 

Rabbit 

+ 

+ 

0 

0 

0 

0 

0 


Rabbit ^2 

+ 

+ 

0 

0 

0 

0 

0 


Normal Rabbit 

4 — t — 1- 

+++ 

+++ 

4-4- 

4-4- 

4-4- 

4-4- 

7 

Rabbit Jf? 1 


0 

0 

0 

0 

0 

0 


Rabbit ^f2 

+ 

0 

0 

0 

0 

0 

0 


Normal Rabbit 

H — i — h 

+++ 

4 — 1 — h 

4-4- 

4-4" 

4-4- 

! 


* Grading as in Table I. 


of the virus isolated from the child. The results (Table II) show that 
the titre of the virus was at least 1:4,000 and that both Rabbit #1 
and Rabbit sera completely neutralized the virus in dilutions of 
1:200 and higher and partially neutralized the more concentrated 


virus. 
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inoculated -with the mother’s virus, and the partial immunity of these 
rabbits to direct inoculation of the child’s virus, justify the conclusion 
that the same virus caused the infection in both and, from the evidence 
given above, that the virus is vaccinia. 

SUMMARY 

1. Three cases, one fatal, of generalized vaccinia occurring in the 
same family by contact with a recently vaccinated child are described. 

2. The virus was isolated from two of these cases and identified as 
vaccinia by neutralization and immimity tests. 

3. Sixteen successive rabbit passages were carried out with the virus 
isolated from the fatal case. 

4. Intracytoplasmic inclusion bodies were demonstrated in the skin 
lesions of the fatal case and of inoculated rabbits. 

The photomicrographs were made by Miss Marjorie Jackson. 
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Despite widespread interest in the clinical aspects of intussusception, 
there have been few experimental studies of the problem. In 1893 
Senn (1) found that manually produced intussusception in cats would 
reduce spontaneously if not fixed by sutures. He reduced experi- 
mental intussusception by insufflation of hydrogen gas and considered 
this an acceptable method of therapy in patients. D’Arcy Power (2) 
in a magnificently comprehensive Hunterian lecture (1897) described 
his own experimental work with guinea pigs, cats, and rabbits. He 
found difficulty in producing intussusception by means of cathartics 
and other pharmaceuticals. Intussusceptions which he produced 
manually were usually not dramatic in their results for his animals 
tolerated such intussusceptions fairly well. Nothnagel (3) (1904) 
found in cats and rabbits that steadily maintained faradic stimulation 
produced a tetanic contraction of bowel which occasionally caused the 
bowel to telescope into the segment distal to it. He was chiefly 
interested, as was Senn, in the mechanism of producing intussusception. 
Both of them noted that the intussusception develops “at the expense 
of the sheath,” the leading point not altering. D’Arcy Power’s 
interests were more far-reaching and his observations more acute than 
those of Nothnagel or Senn. 

A great mass of clinical experience has been acquired over the past 
seventy-five years in the treatment of intussusception both by opera- 
tion and by reduction using hydrostatic pressure. The bulk of this 
material demonstrates adequately to us by pragmatic test the safety 
and superiority of primary reduction by hydrostatic pressure f4) . Two 
of the gravest objections stiU raised to the method are that gangrenous 
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bowel may be reduced and that bowel may perforate under pressure 
during reduction. . 

The present work was undertaken in order to determine experi- 
mentally the likehhood of such mishaps and to study the pathological 
changes and the clinical course of intussusception in animals. 

Attempts to cause intussusception were made by painting the ileum 
with barium chloride and then invaginating the bowel with rubber-shod 
clamps. In some animals prostigmine was then injected into the 
corresponding mesenteric artery. The prostigmine did not produce 
any obvious effect upon the intussusception. Intussusceptions pro- 
duced in this manner were irreducible by enema seven to eight hours 
later. We attributed this to the instrumental trauma to the bowel 
Avith resultant adherence of the adjacent coats. 

The final procedure was as follows: The animals used were mongrel 
dogs weighing six to eight kilograms. Under nembutal anesthesia 
and wfth sterile precautions, the abdomen was opened through a right 
rectus incision. At a point about 14 cms. above the juncture of ileum 
and colon the terminal ileum was stimulated (Fig. 1) by a faradic 
current from an induction coil. While the bowel was still contracted 
strongly it was seized (Fig. 1) by rubber-shod forceps and inverted into 
the distal segment. If the entire intussusception was produced in 
this manner the serosal surfaces were sufficiently traumatized so that 
firm adhesions developed within twelve hours, making reduction im- 
possible by hydrostatic pressure and difficult by direct manipulation. 
The intussusception, therefore, was initiated with the forceps, the 
forceps then replaced by a smooth glass rod (Fig. 2), and the intussus- 
ception completed with this instrument which was readily withdrawn 
without damage to the opposed serosal surfaces. Intussusceptions 
approximately 15 cm. in length were regularly produced. The level 
of the distal end of the intussusception was always marked by a silk 
suture in the serosa. The neck Avas usually at the ileocolic junction or 
just proximal to it. 

Because the cecum of the dog is fi.xed to the posterior parietes there 
Avas usually not much progression of the intussusception. In tAvo 
instances the intussusception became compound, developing a colocolic 
component AA^hich, by shortening the colon, permitted the intussus- 
cepted ileum to prolapse through the anus (Fig. 3a & b). In tAvo 
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five out of six 38 hour old intussusceptions yielded positive cultures and 
twelve out of twelve 48 hour old intussusceptions yielded positive 
cultures. These results were anticipated by D’Arcy Power who sug- 
gested in 1897 (5) that “We do not yet know the exact course taken by 
the microorganisms as they pass through the wall of the bowel . . . but 
there seems to be no doubt that microorganisms begin to traverse in- 
testinal wall when a loop of bowel has been constricted for a period of 
from 4 to 48 hours, and that the more completely the blood suppty is 
arrested, the more rapidly they pass. ” It is striking that bowel as well 
preserved as that seen in Figs. 9, 10, and 11 permitted bacteria to pass 
through the wall. The clinical significance of these bacteriologic 
findings is apparent. They must account in part for the morbidity 
after operative reduction of intussusceptions — ^high fever (sometimes 
seen also after nonoperative reduction), abdominal abscesses, wound 
infections, postoperative adhesions with intestinal obstruction. 

Pathological Features — I. The 28 hour group 

RM 22. Intussusception of 28 hours’ duration. Reduced. Cultures — all 
sterile before and after reduction. Biopsied 48 hours later (Fig. 6). The tips of 
the villi are sloughing and the villi are engorged with blood. The submucosa is 
tremendously edematous and hemorrhagic. The circular muscle is particularly 
edematous, fragmented, hemorrhagic, and infiltrated with round cells. The 
longitudinal muscle is relativel}' normal. The serosa is edematous and hemor- 
rhagic and infiltrated with a few polymorphonuclear leucocytes among the round 
cells. 

RM 20. Intussusception of 28 hours’ duration. Reduced. Cultures — Gram 
positive cocci before and after reduction. Biopsied seven days later. In the 
gross the bowel was slightly thickened. Under the microscope (Fig. 7) the villi 
are found engorged with blood and round cells and a few polymorphonuclear 
leucocytes. The mucosa is flattened and the glands distorted. The thickening 
of the bowel is due more to the tremendous cellular infiltration of the submucosa 
than to edema. The inner circular muscle layer again appears glassy and infil- 
trated while the external longitudinal muscle layer is well preserved. No ulceration 
is seen but the villi seem thinned out. There is moderate serosal edema and round 
cell infiltration. 

RM 19. Intussusception of 28 hours’ duration. Reduced. Cultures— all 
cultures sterile. Biopsied nine days later. The bowel appeared normal in the 
gross. Under the microscope (Fig. 8) the epithelium is seen to have regenerated 
and appears normal but for increase in the number of goblet cells. The villi, 
although irregular, are tall. There is tremendous round cell infiltration of the 
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RM 29. Iiitussupcciitioii of 38 lunirs’ (lumtion. Reduced. Culture: Escher- 
ichia coli, ali)ha Streptococcus fecalis. Hiopsied ten flays hiter (I'ig. M). 'riiere 
is no more evidence of hemorrhage and engorgement . One still sees an abnormal 
number of goblet cells. 'I'here is some round cell infill ml ion of the submucosa. 
The inner circular muscle is almost hyaline. 'I'he outer coat shows some de- 
generative changes. The serosa is thickened and infiltratefl with rouiul cells aiul 
polymoriihonuclear cells and shows beginning org.inization. ICdema has entirel}- 
receded. 


PalliolopCiil I'nilitrcs — III. Irraliirthlc Jiituasccpliints 

RM 23. Intussusception of -18 hours’ fluration. Irreducilile. .Animal sacri- 
ficed anti specimen ohtainefl. ('ulture: gram prisitive cocci. The bowel is almost 
entirely gangrenous (I'ig. ES). The mucosa is unrecogni/.ible. The submucosa 
is tremendously thickened. The inner circular muscle is comiiletely flisorg;iniaed 
while the outer longituflinal layer is startingly preserved in contrast to the general 
destruction of the fUher layer. The serosa shows only eiieina. The vessels flo imt 
show clots or thrombi. 

RM .3. Dog died at 5(t hours of inlussusci'iition. .Autopsied at once. 'I'he 
photomicrograph (I'ig. Ui) shows all three layers of this intussuscejition at the time 
of the animal’s fleath. The changes are less e.xtreme th.an in R.M 23 (Eig. 17) but 
one can see clearly the mucos.al hemorrhage and ulceration and the submucosal 
hemorrhage in the returning layer of the intussuscejitum. These changes are 
much farther advanc(‘<i .and much more striking than they are in the inner or 
entering layer of the intussusceplioii. The outermost kiyer, the intussusci[)iens, 
is seen to be rel.atively norm.il. 

RM 23. Intussusception of -18 hours’ duration. Irreducible. .Animal sacri- 
ficed and specimen obtained. The photomicrograph (I'ig. 17) shows a cross 
section of both layers of the intussusceptum (compare with Fig. I.a). One sees 
clearly in the inner fir entering loop the transformation of all the mucosal cells into 
mucous fillefl goblet cells, the .'Source fif the profuse mucoitl ilischarge seen in pa- 
tients with intussusceiition. 'I'he inner circular muscle coat is swollen tfi several 
times the thickness fif the fiuter Itiiigitufliiial muscle co.at. Edema of the serosa is 
extreme. Passing now into the outer or returning layer, one fiiuls it almost 
coinjiletely gangrenous. 'I'he muscular cfiats are almost completely flestroyed. 
'I'he mucosa is replaced by ;in amoriihous mass of necrotic tissue aiul inflammator.v 
cells aiifl the submucosa is recognizable only because a few fibers of its cfinnective 
tissue remain in the swollen necrotic layer. 

Several features emerge from the pathological study of bowel re- 
covering from intussusception. In these e.xperiments the returning 
limb is regularly found severel}' damaged even to the point of gangrene 
at a time when the bowel in the entering limb is still viable. Under 
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the conditions of this experiment and probably in intussusception 
beginning in the terminal ileum in patients, the returning limb is cut 
off from its circulation by the acute kinking of the bowel as it turns on 
itself at the apex of the intussusception. The pressure of edema 
should be the same on entering and returning layers, but the circulation 
of the returning layer is further interfered with by the U turns made 
at the apex of the intussusception and at the neck, effectively isolating 
this segment of bowel. Figs. 16 and 17 of dogs RM 5 and Ri^I 23 
illustrate this point. The changes caused by the condition arc severe 
and still plain microscopically ten days after reduction (RM 29, Fig. 
14). Hemorrhage and engorgement disappear first, then edema, and 
lastly cellular infiltration. The mucosa is frequently partially sloughed 
or eroded, but ulcers through to the submucosa were not seen. Despite 
this fact, pathogenic bacteria make their way through to the serosal 
surface even in bowel as well preserved as that of RM 20 (Fig. 7) in 
which the intussusception had been reduced after only 28 hours. This 
may be a partial explanation of the fever seen clinically after reduc- 
tion and of the frequency of abscesses and infections after operative 
reductions. In none of the dogs in these experiments did any intra- 
abdominal or wound infections develop. There is a striking difference 
between the survdval ability of inner circular and outer longitudinal 
muscular coats as graphically demonstrated in the photomicrograph 
of RM 23 (Fig. 15). The occurrence of large numbers oi goblet cells 
in the intussuscepted bowel, remarked upon years ago by D’Arcy 
Power (5), would appear to explain the copious mucous seen in the 
currant jelly stools. 


SUJniARY 

1. A method is described for the experimental production of in- 
tussusception in the dog. 

2. Intussusceptions so produced arc usually fatal. 

3. Intussusceptions of 18, 28, and 38 hours’ duration in dogs can be 
reduced by hydrostatic pressure of three feet. Intussusceptions of 48 
hours’ duration are usually not reducible by hydrostatic pressure. 

4. The pathologic features of intussusception are described. 

5. The mechanism of the selective necrosis of the returning limb of 
the intussusceptum is discussed. 
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6. Cultures of the serosal surface of an intussusception containing 
viable bowel frequently showed pathogenic organisms, a possible 
explanation of the fever, distention, and adhesions seen in patients 
after reduction of an intussusception. 

7. In no animal in any group was there rupture of the bowel. 

8. In no animal was there reduction of an intussusception containing 
nonviable bowel. 
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An objective diagnostic test of the tlireshold of auditor}- acuity 
has long been desired by the otologist and the audiologist. Although 
it has obv-ious uses in the entire range of clinical and research work 
relating to the hearing mechanism, such a test is particularly neccssarj- 
to determine the hearing threshold of infants and young children and 
in making a differential diagnosis of a p.sychogcnic overlay on organic 
hearing impairment and of malingering. With an instrument that 
records the activity of the sympathetic ncr\'ous system in response to 
acoustic stimuli, experiments at The Johns Hopkins School of Medicine 
have developed a technique of testing the hearing objectively. This 
instrument, developed under the direction of Dr. Curt P. Richter in 
the Psychobiologic Laboratory of the Phipps Psychiatric Clinic, gives 
a highly sensitive wave-record of galvanic skin-resistance response. 
The test procedure involves the stimulation of the subject by pure- 
tone signals from a standard audiometer, with the use of faradic shock, 
or other suitable stimuli, as a conditioning agent. The responses of 
the sympathetic nervous system to the test signals are amplified and 
charted with a recording milliammctcr. From the recorded wave- 
response, a standard audiogram of pure-tonc thresholds is plotted. 

The test has proved useful for the entire range of the standard 
audiometer. Results obtained to date give evidence that the pro- 
cedure is sound and can be standardized. E.xperimental work is going 
forward to refine the test procedure, to broaden the range of e.\'peri- 
mental subjects, and to adapt the test for speech audiometry. It 
is believed that in the field of physiologic research the technique of 
audiometry with the use of the galvanic skin-resistance response may 
be developed to the point where it will take the same part in the 
investigation of the human ear as the role played at present by the 
study of the cochlear potential in experimental animals. 
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Held in Hurd Memorial Hall, February 9, 1948 

Creatinuria in Man: The Role of Renal Tubule and Muscle Mass. Drs. Kenneth 
L. ZiERLEE, John W. Magladery, Benjamin P. Folk, Jr., and Joseph L. 
Liuenthal, Jr. (Department of Medicine, Johns Hopkins Hospital). 

It is convenient to consider creatinuria in terms of kidney function in which the 
load of creatine imposed upon the renal tubules exceeds the ability of the tubules to 
effect complete reabsorption of creatine. Creatinuria, then, may be due to in- 
creased tubular load (accelerated glomerular filtration rate or elevated plasma crea- 
tine concentration) or to reduced tubular reabsorption rate. Plasma creatine 
concentration, conceivably, may be elevated by administration of creatine, ac- 
celerated synthesis of creatine, extrusion of intracellular creatine, or inadequate 
disposition of creatine. Tubular reabsorption rate of creatine may be reduced as 
the result of several factors. 

Personalily Factors in Severe Poliomyelitis. Dr. Jacob H. Conn. (Department of 
Psychiatry and Orthopedics, Johns Hopkins Hospital, and the Children’s 
Hospital School (Respirator Unit), Baltimore, Maryland.) 

The personalities and life situations of 15 patients with extensive, severe paraly- 
tic poliomyelitis in a Respirator Unit are described. There emergesa particular 
kind of person who behaves in a fixed, compulsive maimer. This type of mal- 
adaptive, rigid personality development is to be differentiated from the “nervous 
tension” of average individuals under emotional stress, as well as from overt 
neurotic behavior. These patients appear to be happier, better adjusted, phys- 
ically healthier and more active than the average person, but they lack spon- 
taneous self-assertion; they have difficulty in criticizing others, and do not ex- 
perience anger. They are overly conscientious, anxious to be accepted, appease 
others, and at the same time are striving to be independent. 

Frustrations are met by becoming even more self-effacing, by adding to already 
heavy work loads, or by exercising excessively until there develops a pathological 
state of fatigue. The onset of the extensive paralysis generally occurs after 
months of strenuous effort during a period of relaxation and self-satisfaction, 
which follows the achievement of a greatly desired goal. 

Use of Prefrontal Lohotomy for Intractable Pain. Dr. Frank J. Otenasek. (De- 
partment of Neurosurgery, Johns Hopkins Hospital). 

The author relates the result of prefrontal lobotomy in eleven patients who 
had intractable pain as a result of malignant tumors with or without metastascs. 
Five cases are described in some detail. It is pointed out that the operation inter- 
ruDts the pain pathway's at a psychologic rather than a physiologic level. It takes 
away the affective components of a painful state by removing the patient s reac 
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tion to pain”, while not objectively diminishing the actual perception of the painful 
sensation. All the subjects on whom the operation was performed had verj’ brief 
life expectancies. WTicn done in the painful states, such as tabetic crises or 
causalgia, in which life expectancy may be normal, the operation is likely to pave 
the way for an increase in knowledge of the functions of the front.al lobes. 

Dr. Lawson Wilkins: I think it might be of some interest to recall that a few 
years ago Dr. Frank Ford and I described three children with c.xactly the same 
sjTidrome of inability to appreciate pain that you have found in these cases. .At 
that time, we were not sure whether the lesion was lower down in the th.alamus or 
was in the subcortical zone of the front.al lobes. .Apparently complete inability to 
appreciate pain without any involvement of the sensorj' .system may be caused by 
a congenital brain defect in children who are mentally normal and show no other 
neurological defect. One of our boys went aroumi the streets with fractures in 
his feet from cobblestones having been dropped on them, but didn’t botlier to tell 
his moUier. On one occasion he developed a ruptured appendix and peritoneal 
abscess whicli did not disturb him in the least. 

Dr. Alfred Blalock: In connection with Dr. Otenasek’s paper, there was one 
point which he undoubtedly did not have time to go into. He has talked to the 
surgical staff about the use of prcfronUal lobotomy in patients who do not have pain, 
and I am sure he would be the first to say that the families of some of these people 
regard them as much greater liabilities postopcratively than they had regarded 
them before having this operative procedure. The only reason I mention this 
is that, altliough the use of this procedure m.ay have perfectly definite indications, 
in some instances a patient may be a considerably greater liability than before. 
I wish Dr. Otenasek wold comment upon this point. 

Dr. Jacob 77. Conn: 1 would like to add a word about the mcclianism of pain. 
Dr. Freeman tells a veiy remarkable stoiy of a young woman who had had a 
lobotomy. While lying in bed she heard the door rattle next door and knew there 
was an intruder there. The patient was aware that somebody was trjdng to break 
into the house, but she was not afraid because she couldn’t anticipate what that 
person would do if he were succe.ssful in getting in. .After lobotomy the ability to 
look ahead, to plan ahead, and to anticipate things is very defective. As Dr. 
Otenasek has very correctly pointed out, these patients feel the pain but cannot 
really anticipate further pain or dying. 

Dr. Frank J. Otenasek: Dr. Blalock is entirely right in pointing out that lobot- 
omy might make a patient a greater liability to his family and to the community 
than he was before. That is the rc.ason, even in this beginning while we are feeling 
our way around, w'hy we have operated on patients who have only a verj’ short 
life expectancy and whose physical condition cannot be improved. From tlie 
beginning we have seemed to be justified in advocating the operation on patients 
with pain. In none of these cases was the family unhappy. The main contra- 
indication was the patient’s personality before operation. If the patient was 
psychotic, we felt it unwise to perform prefrontal lobotomy if there was any de- 
terioration present. We did not operate in cases of overt homosexuality, etc. 
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Although the newspapers say it is possible to make a moral person out of an im- 
moral one, under some circumstances that operation is much more likely to turn 
out poorly, and the patient becomes a real liability to the community. If we have 
to be fearful about releasing what few inhibitions a psychotic may have left, the 
operation is not done. 

Changing Medical Care in our Changing Natioiml Life. Dr. Edwards A. Park. 

(Department of Pathology, Johns Hopkins Hospital). 

Dr. Parks’ paper appeared in the Bulletin of the New York Academy of Med- 
icine, December, 1947, and was reprinted in the Journal of Pediatrics, 31: 3, 
December, 1947. 

Dr. Edwards A. Park: I speak on this subject with some embarrassment, to- 
gether with some diffidence, because I am an amateur in this field. If what I have 
to say has any merit, it lies in the fact that, so far as I have been able, I have 
tried to think in a perfectly detached manner. 

Dr. John T. King: Dr. Park claimed to speak as an amateur. I think he quali- 
fied practically as a professional. I shall speak as a real amateur in these matters. 

As I understood him. Dr. Park pointed out in the early part of his talk that the 
medical profession has been busily engaged in protecting its vested interests. 
Toward the end of the talk he pointed out that certain plans for government inter- 
vention or insurance would greatly increase doctors’ incomes. He assumes that 
doctors are ignorant of the prospect that certain proposed changes will increase 
their incomes. I doubt this, as I believe the doctors do understand this. There 
is an apparent contradiction in Dr. Park’s remarks that the doctors are trying to 
protect their vested interests on the one hand, while rejecting a more remunerative 
plan on the other hand. Perhaps he can clarify this point. 

Of course, we can sit here and discuss medical fees and prove very easily that 
certain indigent patients cannot afford diagnostic procedures and long hospital 
care at regular fees. But this is not the way the practice of medicine is carried 
on. In general, I would say that the average ethical doctor approaches these 
matters very much as this hospital does. If the patient can afford regular fees, he 
pays them. If he can pay part of the fees, he does so. If he is able to pay nothing 
the doctor will carry him. Now, when you undertake to subsidize doctors either 
by salaries, or by health insurance, or what not, you take away a real vested 
interest in which doctors have taken pride. That is to say, you pay the doctor for 
everything he does no matter how poorly the individual is being treated. That, 
it seems to me, would be a serious blow to the doctor’s morale. You can pay a 
doctor a fee to go to an indigent patient, but you cannot make him give that pa- 
tient good care. The type of care he gives will be determined more by his interest 
in the patient, by his pride in his profession, and by whatever satisfaction he may 
obtain in treating indigent patients. My own feeling is that revoluntionary 
changes in the practice of medicine are not advisable. Possibly some branch o 
government should help our hospitals and medical schools over ffie crisis that 
exists now when it is so difficult to obtain private funds. I agree with the plan o 
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subsidized laboratories to carry on expensive tests which the patient and doctor 
cannot afford, such as have been established by our local Health Department. 
Moreover, some public source might very well furnish c.xpcnsivc material neces- 
sary for treatment. For example, collections arc now being taken in Baltimore 
for the purchase of streptomycin. With all the billions of dollars for the care of the 
sick and indigent in this country', we do not yet find streptomycin available. We 
do not even have sufficient funds to enable the hospitals to pay for penicillin. 
Subsidies of this sort, it seems to me, are a direct concern of the government and a 
form of aid to which few could take exception. 

Br. Park: I didn’t mean to make a contradiction. I, too, expressed surprise 
that the medical profession in general oppose health insurance as obstinately as 
they do — that is, compulsory health insurance — because it would be so mudi to 
the advantage of the average doctor if the impecunious patient could pay his bill. 
I think it is true that we doctors arc ordinary* human beings, and as such sec things 
from our own interest. I think that if we arc honest with ourselves, we all of us 
will admit that, like others in the struggle for existence, we arc fundamentally 
selfish in our outlook. I think that the opposition to any change in medical care 
has its origin very largely in the fear that our economic interests will be jeopardized 
or our interests, in an economic sense, will be limited. I don’t believe that the 
sliding fee-for-service is at all essential, so far as the preservation of the relationship 
between the doctor and the patient is concerned. Certainly that has not been the 
situation in Sweden where government medicine affects probably half of the 
population and at least half the physicians. Professor Lichtenstein was very care- 
ful to point out the fact that state medicine didn't interfere witli the sanctity of 
the physician-patient relationship. The physician-patient relationship is deter- 
mined by a spirit within and is not determined by economic considerations, in my 
opinion. I don’t know that I can say any more than this, except that in regard to 
this last point I must take a view which is contrary to that expressed by Dr. King. 



BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and 
not necessarily those of the members of the 
Editorial Board of this Journal) 

Alias of Cardiovascular Diseases, CorreMion of Clinical Electrocardiography and 
Cardiac Roentgenology with Clinical History and Autopsy Findings. By 
Irving J. Treiger. Ulus. 180 pp. $10.00. C. V. Mosby Company, St. 
Louis, Missouri, 1947. 

This is a handsomely printed and illustrated atlas in which brief summaries of 
the clinical examination and course are combined with reproductions of the tel- 
eoroentgenogram, electrocardiogram, and gross pathological specimen, with a 
summary of the autopsy findings. The atlas attempts to cover all types of heart 
disease, but there is considerable variation in the thoroughness with which various 
topics are discussed. For instance, the subject of patent ductus arteriosus is 
covered by one short theoretical paragraph without clinical descriptive material, 
and with one illustration of a heart at autopsy. Coarctation of the aorta is like- 
wise briefly treated. Syphilitic aortic aneurysm is dealt with by two clinical rec- 
ords with accompanying x-ray and electrocardiographic findings of patients who 
did not come to autopsy; four illustrations of autopsy material on other cases are 
also given. The atlas would probably have definite teaching value for medical 
students, but the material is probably too limited in scope to contribute much 
valuable information to the well-trained clinician. 


C.B.T. 

Calcific Disease of the Aortic Valve. By Howard T. Karsner and Simon Ko- 
lETSKY. lUus. Ill pp. $5.00 J. B. Lippincotl Company, Philadelphia, 
Pennsylvania, 1947. 

This book is the result of a detailed investigation of 200 cases of calcific disease 
of the aortic valve, which was carried out “in order to leam whether the lesion is 
sclerotic, degenerative and involutional, or whether it is basically inflammatory". 
The evidence collected points strongly to the view that the lesion originates in 
inflammation and that the inflammation is usually, if not always, a manifestation 
of rheumatic fever. While a major portion of the book is devoted to the pathology 
of this condition, careful attention is given to predisposing factors, clinical features, 
and a historical review of the entire subject. The book is clearly written and 
presents a wide range of material from the literature. It is an authoritative ac- 
count of calcific disease of the aortic valve which should be on the reference shelf 
of every internist concerned with cardiac disease. 

C.B.T. 
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Diseases of the N ose, Throat, and Ear. 9th Edition. By William L. Ballenger, 
Howard C. Ballenger, and John J. Ballenger. Illus. 993 pp. $12.50.' 
Lea and Fehiger, Philadelphia, Pennsylvania, 1947. 

This is the ninth edition of a well known and excellently edited textbook on 
otorhinolaryngology. A chapter on headaches and a new section oh plastic 
surgery of the nose have been added to the previous edition, and the texts of the 
other chapters have been thoroughly revised and brought up to date. In its 
present form, this book is undoubtedly one of the finest and most complete in the 
field of otolaryngology. The new chapters are quite comprehensive. The 
illustrations of the surgical procedure in rhinoplasty are among the best that have 
been produced in any textbook. The coverage of all the latest advances in therapy 
is comprehensive and detailed. 

The bibliography in each chapter makes it an excellent reference book as well 
as a textbook. It is a pleasure to review a book with so many references on each 
subject. Unfortunately, bibliographies are all too frequently incomplete or even 
absent in the modem editions of textbooks on Ear, Nose and Throat. This book 
s an excellent standard work for those students specializing in the field of otorhino- 
ar3mgoIogy. 

J.E.B. 

Nutrition in Health and Disease. lOtli Edition. By Lenna F. Cooper, Edith 
M. Barber, and Helen S. Mitchell. Ulus. 729 pp. $4.00. J. B. 
LippincoU Company, Philadelphia, Pennsylvania, 1947, 

Nutrition in Health and Disease is written primarily as a textbook for student 
nurses, but it is also planned to serve as a reference book for the dietitian, graduate 
nurse, and homemaker. 

Part I discusses the general principles of nutrition. New chapters on planning 
family dietaries to meet the recommended dietary allowances and on Nutrition for 
Adults — ^young and old — ^are valuable additions. The infant feeding schedule, 
however, seems unnecessarily restricted by present day standards. 

Part II covers diet in disease. All therapeutic diets are discussed as modifica- 
tions of the normal diet, as it is felt that a well balanced diet is the basic principle 
for all dietary prescriptions. However, many of the sample diets do not carry out 
this precept. 

■ The third section is devoted to the basic foods and their preparation for the 
patient. The inclusion of recipes in a textbook of this type seems of questionable 
value when so few recipes in each category can be included. 

The tables of food values have been completely revised and simplified in Part 
IV. A short method of calculating dietaries has been included. This will facilitate 
calculations when accuracy is not a primary factor. 

In an attempt to cover aU phases of the subject much material has been only 
mentioned, which limits the student’s understanding and appreciation. As 
stated in the preface the text is primarily for the student nurse and it may well be 
used as a basic te.xt but should be amply supplemented by other references.. 

B • C. 
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relations, and intercourse with animals of other species. The range of frequency 
of orgasm is very wide, from something over 30 orgasms per week, over several 
decades, to only one in thirty years. Among males under 31 years of age, average 
frequencies as low as once in two weeks, or lower, occur in only 11.2 per cent, 
average frequencies as high as once a day or more occur in 1 1 .6 per cent. Age is the 
principal factor determining frequency of orgasm, the maximum occurring in the 
teens. There is a gradual but steady decline, thereafter, (practically a straight- 
line graph) approaching zero in extreme old age. 

Marital intercourse provides a large proportion (about 85%) of the sexual ex- 
periences of those who are married. In single males orgasm occurs only about one 
third less frequently than in married males of the same age. 

In a discussion of the social and legal implications of sex laws and mores and 
their enforcement, the authors state (p. 392), “85 per cent of the total male popula- 
tion has pre-marital intercourse, 59 per cent has some experience in mouth-genital 
contacts, nearly 70 per cent has relations with prostitutes, something between 30 
and 45 per cent has extramarital intercourse, 37 per cent has some homosexual 
experience, 17 per cent of the farm boys has animal intercourse. All of these and 
still other types of sexual behavior are illicit activities, each performance of which 
is punishable as a crime under the law. The persons involved in these activities, 
taken as a whole, constitute more than 95 per cent of the total male population.” 

The percentage figures in the preceding paragraph refer to the incidence of the 
behavior in question, that is the proportion of males in whom the particular be- 
havior has occurred at least once. The authors also give frequency data. In fact 
they provide, in a chapter of 54 pages, an elaborate series of “clinical tables,” 
indicating the incidence and frequency of the different sexual outlets in various 
categories of age, education, and marital status. These tables are designed to 
facilitate the comparison of an individual man’s sexual behavior with the pattern 
of the particular social group to which he belongs. 

In a detailed consideration of the very diversified patterns of sexual experience 
Kinsey’s investigations disclose a very considerable stability in the pattern of the 
individual male, and a considerable similarity in the patterns of those falling into 
the same social group. Educational level is the most significant single criterion, 
separating rather decisively the patterns of sexual activities of the groups whose 
education is destined to terminate at grammar school, high school or college levels. 
These patterns are not phases corresponding to the periods of schooling in the 
development of the individual, but appear to be pre-determined by basic differences 
in sex attitudes, set long before the actual top level of schooling has been reached. 
These findings raise interesting and important sociological questions as to the mode 
of transmission of sexual mores, on which the authors comment: “Children are the 
most frequent agents for the transmission of the sexual mores. . . . The so-called 
sex instruction which is given by parents and schools ... has a minimum of any 
effect upon the development of patterns of sexual behavior, and, indeed, it may 

have no effect at all Exceedingly few males modify their attitudes on matters 

of sex or change their patterns of overt behavior in any fundamental way after 
their middle teens (Attitudes determining) patterns of behavior are estab- 
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lished long before the child is likely to have any comprehension of the nature of the 
legal formalization of our codes.” 

Early maturing males tend to become more active sexually than late-maturing 
males, and the higher rate of frequency of orgasm persists, whether married or 
unmarried, and whether the earlier outlet was in masturbation, permarital inter- 
course or some other sexual experiences. One finds in the data reported here 
nothing to justify the belief that sexual energj' can be “conserved” or sublimated.” 

In the chapter on the stability of sexual patterns, one finds this illuminating 
statement: “Many persons, of course, believe that patterns of sexual behavior 
have changed considerably within the last generation or two. . . . One is inclined to 
suspect that the amazement of the older generation at the present day behavior is 
dependent, at least in part, upon the fact that the older generation knew very little 
about the behavior of the world in which it lived when it was young, and that 
it has only more recently become acquainted with the long-established facts of 
life.” The data of the present study have been divided between younger and older 
males, differing by about 22 years. Comparison of their sexual behavior at like 
ages indicates that the sum total of the measurable effects of those twenty-two 
years have been “slight changes in attitude, some increase in frequency of mas- 
turbation among boys of the lower education levels, more frequent nocturnal 
emissions, increased frequency of pre-marital petting, earlier coitus for a portion 
of the male population, and the transference of a percentage of the pre-marital 
intercourse from prostitutes to girls who arc not prostitutes.” 

To the clinical student of human nature, this book also brings a brilliant and 
wise discussion of interviewing. A brief quotation may serve to indicate something 
of the human quality which brought success in the actual carrying out of this 
investigation: “The many persons who have contributed to this study have done 
so voluntarily and with a full understanding of what we were trying to learn through 
our questioning. To have used any sort of devious device would have ruined the 
subject’s confidence in everything we were doing. It has repeatedly been sug- 
gested that we try narcosynthesis, lie detectors, or other such means for testing 
the reliability of at least some of the answers of some of the subjects; but if we had 
coerced a single person by any such means, we would have lost our capacity to win 
things from anyone else. In any study which needs to secure quantities of data 
from human subjects, there is no way except to win their voluntary cooperation 
through the establishment of that intangible thing known as rapport.” 

J.C.W. 

Textbook of the Ear, Nose and Throat. 2nd Edition. By FsANas L. Lederer 
AND Abraham R. Holiender. Ulus. 596 pp. $7.00 F. A . Davis Com- 
pany, Philadelphia, Pennsylvania, 1947. 

This is the second edition of a textbook of otolaryngology which has been 
designed primarily, as the authors state in the preface to the first edition, for use 
by medical students. This concise book should be a great help to medical students 
who do not intend to specialize in nose and throat work. This book is not suf- 
ficiently detailed to be of great use to the student interning in otolaryngology, or 
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to the young specialist just going into practice. It is well arranged and has some 
excellent illustrations, especially those of laryngeal lesions as viewed by mirror 
examination. 

The authors have written a type of book much needed by medical students to 
give them an introduction into the specia.lty of otorhinolaryngology. 

J.E.B. 

Textbook of General Surgery. 5th Edition. By Waeken H. C 01 .E and Robert 
Elman. Ulus. 1160 pp. $11.00. D. Appleton-Century Company, hic. 
New York, New York, 1947. 

The textbook of surgery written by Cole and Elman, and published by D. 
Appleton-Century Company, has just been revised in its fifth edition. The 
revision has apparently been thorough and incorporated the great advances made 
in surgery during the war with their application to civih'an surgery. There is also a 
chapter on military surgery and another on chemical warfare, neither of which the 
present writer has seen included previously in other texts. This edition appears 
to be the most up to date publication now available as a textbook of surgery. 

R.T.S. 

Textbook of the Nervous System — A Foundation for Clinical Neurology. By H. 
Chandler Elliott. Ulus. 384 pp. $8.00. J. B. Lippincott Company, 
Philadelphia, Pennsylvania, 1947. 

The ambitious nature of the task undertaken in this small textbook is indicated 
by its title. The author attempts to present the important anatomical relation- 
ships and functions of the human nervous system in a diagrammatic fashion. He 
begins with a “bold but simple sketch” of what he terms the basic nervous system 
and fills in the details in later chapters. His object throughout is to correlate 
structure and function and to indicate the importance of such in clinical neurology. 

The book succeeds in presenting the basic anatomical material in a clear and 
readily assimilable fashion. The first few chapters serve as an admirable intro- 
duction to the field. The illustrations are well done. Unfortunately, limitation 
of space leaves gaps in important details, which will need filling. The treatment 
of function leaves much more to be desired, and some aspects, such as those of 
cerebellar and motor systems, are inadequate. To the clinician, moreover, in- 
numerable interjections of questionable or incorrect material dealing with points 
in pathology, diagnosis, and treatment, detract considerably from the value of the 
book. 

Textbook of Clinical Neurology. 6th Edition. By Israel S. Wechsler. IUus. 
829 pp. $8.50. W. B. Saunders Company, Philadelphia, Pennsylvania, 
1947. 

The chapter on psychological diagnosis has been rewritten and there have been 
other changes in this edition. It is likely that clinicians will hold it in the same 
regard as they have its forerunners. 
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During the past dozen years we have all witnessed the impact upon 
medicine of what Sir Henry Dale has called the second era of research 
in chemotherapy, as manifested practically in the unparalleled use- 
fulness of the sulfonamides, penicillin, and the newer antimicrobic 
drugs, and theoretically in the impetus which their discovery has given 
to hew thought and experimentation on the metabolism of parasitic 
cells, the mechanisms of drugfastness, and the general principles of 
chemotherapy. Great as these achievements are, they were exceeded, 
in my opinion, by the attainments of bacteriology in the final quarter 
of the 19th century. For in that remarkable eflBorescence, the genius 
of Pasteur, the logic of Koch, and the percipience of Lister permeated 
medicine with incredible rapidity, the immediate consequence being 
that a host of diseases which had puzzled and plagued mankind for 
centuries abruptly yielded their causes, and often their cures in addi- 
tion, as fruits of the new science, while a vastly more important out- 
come was the fact that man had at long last identified and begun to 
study the bacterial creatures with which he lives. It was inevitable 
that these developments should influence thought about cancer. 

For cancer was then what tuberculosis, typhoid fever, and anthrax 
had so lately been — baffling to the mind as well as sinister to the body, 
amongst the worst of man’s afflictions however judged. True, its 
natural history had been half-disclosed, as much by the clinical and 

^ The Alpha Kappa Kappa Lecture given in Hurd Memorial Hall, The Johns 
Hopkins Hospital, November 18, 1947. 

* Recent investigations in the author’s laboratory on viruses and virus-like 
agents in relation to tumors have been supported by the Jane Coffin Childs Me- 
morial Fund for Medical Research. 
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anatomical studies of Morgagni, Pott, Bichat, John Hunter, Laennec, 
and their like, as by the histological observations of Johannes Muller, 
Remak, Virchow, Cohnheim, Ribbert, Waldeyer, Hansemann, Thiersh, 
and Pianese, to name but a few of that army of workers who had set 
about exploring the human body cell by cell as soon as the compound 
microscope had become available. But only the wooliest notions 
existed then as to the possible causes of cancer, and nothing was known 
about the disease that weighed very heavily against the supposition 
that it might be caused by a pathogenic bacterium. Indeed the 
erroneous but prevailing doctrine of Broussais and Virchow— that 
cancer is but a form of inflammation — ^must have made the possibility 
seem quite near. In any event, many workers acted on it, and some 
spent their scientific lives isolating from cancer after cancer bacteria of 
many and diverse sorts, trying with these to reproduce the tumors 
under controlled conditions in experimental animals, Alas, their 
results were uniformly negative or unconvincing, and eventually they 
all had to accept it as a fact that causative bacteria cannot be grown 
from cancers. And eventually interest waned in the old superstitions 
about “cancer-houses”, “cancer-streets”, and “cancer-villages”, which 
had made it seem that cancer was catching and which had got their 
start from a series of inexact observations and uncritical inferences that 
must have made Claude Bernard turn his face, the more so since they 
had originated in France. Things looked gloomy indeed for the 
hypothesis that cancers may be caused by extraneous pathogenic 
agents. 

But then the filtrable viruses made a discreet entry onto this 
bustling bacteriological scene, first tobacco mosaic virus in 1892 and 
then that of hoof and mouth disease in 1898. Reason enough, it seemed 
to many, and notably to a bold and imaginative Frenchman named 
Borrel, for further thought about the parasitic hjqjothesis of cancer 
causation. For these new agents produced disease even though they 
could not be seen with the microscope or grown on lifeless media. 
Did they cause cancer? Far from overlooking the new possibility, 
Borrel rushed headlong to meet it. “The problem of cancer causation 
had taken entire possession of his eager, inquiring mind,” as Oberling 
tells us in The Riddle of Cancer, “and he had examined tumors by the 
hundreds and from all possible sources, animals, and man, for a specific 
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microbe. All in vain. Too critical to let himself be carried away with 
other bacteriologists by inadequate proofs, or to persevere in a line of 
investigation now so obviously destined to lead nowhere, he conceived 
the notion that he might be facing the same difficulties that had baffied 
Pasteur in his search for the cause of rabies, A virus seemed the only 
plausible solution.” In a remarkably percipient essay pubh’shed in 
1903, Borrel pointed to the proliferative character of the initial cellular 
changes in small pox and molluscum contagiosum, and compared these 
with cancer (9). His thought has elicited sharp criticism, but the 
facts upon which it was based have proved sound, and from much 
subsequent work, notably that of Philibert (43), Rivers (45), and 
Shope (54, 55), the principle has emerged that viruses can make cells 
grow as weU as cause their death. Upon this principle and another 
since apprehended — namely that viruses can lie latent in tissues, pro- 
ducing lesions only when provoked into pathogenicity by one or another 
of a variety of stimuli — recent protagonists of the view that viruses 
cause cancer have mainly built their arguments (3, 49), 

OLDER WORK ON EILTRABLE AGENTS AND TUMORS 

It is one thing, however, to recognize the principle that a few viruses 
can bring about more or less transitory proliferation — the majority 
being swiftly lethal to their cellular hosts — and quite another thing to 
ask whether viruses actually cause cancer. Some of the facts that 
bear upon this question may be cited briefly and chronologically as 
follows. 

In 1902 the observation was reported that a filtrable virus is re- 
sponsible for fowl pox, and subsequent events have shown that this 
interesting disease process deserves a more conspicuous place in the 
history of cancer research than the one into which it has fallen (22). 
Bollinger, one of the flrst to study fowl pox histologically, classified 
it as a tumor, even though it was manifestly infectious; he named it 
epithelioma contagiosum in 1873 (8), and others since have noted its 
resemblance to moUuscum contagiosum of human beings. Today, 
however, fowl pox is not thought of as a neoplasm; for it is essentially 
a self-limited process, necrosis eventually following proliferation in the 
diseased cells, which mummify and are cast away in due course with 
complete healing underneath if the host has not died meanwhile from 
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an associated sepsis.* Its importance in the history of cancer research 
lies in the fact that it was the first tumor-like process that was proved 
to be caused by a filtrable virus; as such it inevitably influenced the 
subsequent study of tumors in fowls, which we may next consider. 

In 1903, Ellerman and Bang reported that they had been able to 
transmit leukemias and lymphomas of chickens by means of filtrable 
agents, and their findings were immediately confirmed by Hirschfeld 
and Jacoby, and later by Schmeisser (17). The fact that the blood 
stream was conspicuously invaded in these disease processes coupled 
with the fact that filtrable agents had been found responsible for them, 
seemed suflicient reason at the time to rule them out as tumors, and 
many years elapsed before their neoplastic character became generally 
recognized (18). 

In 1911, Peyton Rous made the significant discovery that a sarcoma 
of fowls, which he had previously identified as a neoplasm by careful 
biological and morphological studies, was transmissible by means of a 
filtrable agent (48). He and his associates soon determined that a 
number of other sarcomas of fowls would likewise yield filtrable agents 
of a similar sort, and that each agent would elicit a growth exactly like 
that from which it had come if brought into contact with normal fowl 
mesenchyme under appropriate experimental conditions. The findings 
have been confirmed in laboratories all over the world, and perhaps 
extended here and there (13, 19). It has become plain that they stand 
apart and comprise the bulk if not the sum of what we know today 
about cellular factors that actually cause cancer. 

MOKE RECENT WORK ON VIRUSES IN RELATION TO CANCER 

The findings just mentioned long stood alone as providing evidence 
that fiiltrable agents may be present in cancer cells and responsible for 
their malignancy, for during more than 20 years the repeated attempts 
of workers everjnvhere to extract causative viruses from tumors of 
many sorts in mammals and other species all proved unsuccessful. 
Lately, however, the picture has acquired more detail. 

* It is interesting to note in passing that within the past few years the dise^e, 
occurring epidemically in wild sooty grouse, has been mistaken for cancer vide. 
Journal of Wildlife Management, 4: 311-312, 1940. 
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In 1933, Shope made the discovery that the cutaneous papillomas 
of Western cottontail rabbits are caused by a filtrable virus that will 
reproduce the growths when rubbed into the scarified skin of other 
rabbit species, both domestic and wild (55). Rous and Beard next 
showed that the virus-induced papiUomas, though benign, possess 
certain of the attributes of neoplasms (50), and that the growths in 
domestic rabbits, after remaining harmless for periods of several 
months to a year or more, almost regularly become squamous cell 
carcinomas that metastasize and kill their hosts (51). Rous and Kidd 
then found that the papilloma virus will call forth in great profusion a 
variety of carcinomas, as well as papillomas, when brought into contact 
with tarred epidermis (53), and Rous and Friedewald later showed that 
carcinomas appear within a few weeks in papillomas exposed to methyl- 
cholanthrene more or less constantly from the time of their inception 
(52). The relationship, however, between the virus, which initiates 
the benign papillomas, and the cancers, which come later, has proved 
exceedingly complicated. For while readily recoverable in large 
amounts from the natural and experimental papillomas of wild cotton- 
tail rabbits, the virus is only occasionally demonstrable, and then in 
comparatively small amounts, in extracts of the papillomas produced 
with it in domestic rabbits, and it could not be extracted at all from the 
cancers, as much work showed (56, 27, 21). In this unsatisfactory 
position, with the essential facts unlearned about the state and func- 
tions of the virus in the papilloma and carcinoma cells of wild and 
domestic rabbits (33), the problem rested for quite some time, though 
indirect evidence, procured by means of serological and immunological 
experiments, made it plain that the papilloma virus, in masked or 
altered form, persisted in the cells of two transplanted cancers that 
had originated in virus-induced papillomas, and increased in amount 
as the cancer cells proliferated (34, 29). The inference seemed war- 
ranted that the virus, obviously responsible for the initial proliferation 
of the papilloma cells, likewise impelled the cancer cells with which it 
remained associated. But quite recently an extraordinary fact has 
emerged with respect to the relationship between the virus and the 
cells of the V2 carcinoma (this being the second of the two transplanted 
cancers mentioned above, the first having been lost early in the course 
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of transplantation). For having persisted in the V2 carcinoma cells 
for more than five years and throughout the first 25 successive tumor 
generations, the antigenic virus has now, after a further interval of five 
years, disappeared from them; or at any rate it is no longer disclosed in 
them by serological experiments of the sort that regularly accomplished 
this before (57). Can it be that the papilloma virus went along with 
the carcinoma cells merely for the ride, so to speak, playing no very 
essential part in their malignant activities during its long association 
with them? This seems not unlikely, for the V2 carcinoma cells are 
now, in the absence of the virus, precisely what they were in its pres- 
ence, so far as can be told from their appearance and behavior, while 
the fact is well known that non-neoplastic viruses may thus ride along 
in tumors (37, 47, 29, 60). Wholly apart from this new and unexpected 
development, I have elsewhere indicated reasons for supposing that a 
constituent of the V2 carcinoma cells other than the papilloma virus 
may be responsible for their continuing malignancy and may indeed 
have initiated their malignant transformation (32), More will be said 
further on about this. 

The observations of Lucke, on the etiology of certain renal adeno- 
carcinomas in frogs, broaden the base of our theme. In 1934, he noted 
that acidophilic intranuclear inclusions are conspicuous in the cells 
of these tumors and similar to those previously found by Dorothy 
Russell in the elements of gliomas in human beings (39), Lucke 
later showed that the frog carcinomas can be produced experimentally 
by means of a filtrable agent extractable from them (39) ; the causative 
agent, however, acts only sporadically and after a long incubation 
period, and its properties have not been fully defined. 

The foregoing review of recent work on viruses in relation to tumors 
could easily be enlarged by references to scores, of additional papers, 
but it seems doubtful that it would be notably enriched thereby. 
For the bulk of the papers that might be cited report at most but micro- 
scopic extensions of principles already largely understood from pre- 
vious work, while some are filled with fallacies, and others lack strategic 
orientation and perspective. By no means are virus-workers immune 
from Woglom’s pointed dictum (64): “—Few investigators seem^ to 
realize that cancer research is a discipline requiring some apprentice- 
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ship, and that not everyone with an inoculating needle and a dozen 
white mice can plunge in and emerge with a discovery,” The recent 
claims of Taylor, that filtrable cancer-producing agents can be recov- 
ered from mammalian tumors grown in developing chick embryos, 
would seem to merit our attention only in relation to the reports from 
other laboratories that the essential observations are unverifiable (61). 
And all of the extensive work with the Shope fibroma may logically be 
omitted from consideration; for although knowledge about this virus- 
induced process has added substantially to the principle already 
referred to that viruses can make cells proliferate, and although the 
lesion is “tumor-like,” as Shope said (54), it is not neoplastic, the nod- 
ules produced by the virus being invariably self-limited and composed 
for the most part of exudative fluid and “sick” fibrocytes that even- 
tually die and are resorbed. 

VIRUS-LIKE AGENTS AND CANCER CAUSATION 

To think about viruses in relation to cancer would hardly be feasible 
without taking count to some extent of the vexed problem of what 
viruses are. Are they parasites, once free-living but now dependent 
on their cellular hosts — ^the simplified products of a retrograde evolu- 
tion, as Green (24), Laidlaw (36), and Burnet (11) have supposed? 
Or are they non-living protein molecules, perhaps derived initially 
from the host’s own protoplasm, as Stanley’s work may indicate (59)? 
Or may they be microbial midgets of diverse kinds, as a class occupying 
and perhaps bridging the twilight zone between the living and the 
dead in nature, as Rivers has imagined (46)? It is not profitable to 
our theme to do more now than ask these questions, yet it may be 
helpful to have them before us as we consider certain other agents that 
may be concerned in the causation of cancer. 

The first of the agents that I shall call virus-like and here discuss is 
that implicated in the causation of cancer of the breast in mice. It 
has long been known that the females of some breeds of mice are prone 
to develop cancer of the breast, while those of other lines are virtually 
free from the disease; and it was of course assumed that this predisposi- 
tion was inherited by way of the genes until facts proved it otherwise. 
In 1933 and 1934, it became clear from experiments done independently 
by the Staff of the Jackson Memorial Laboratory in this country (38) 
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and by Korteweg in Holland (35) that the tendency to mammary car- 
cinoma is passed along only by way of the mother: if she be of high- 
cancer stock, her progeny develop breast cancers largely irrespective 
of their paternal heritage, whereas if her high-cancer strain brother be 
mated with a low-cancer female, their progeny are usually devoid of 
the disease. Bittner then showed, in 1936, by means of foster-nursing 
experiments that this “maternal influence” — obviously “extra-chro- 
masomal” — is carried in the mother’s milk (7), and much study has 
since been made of the distribution, properties, and potentialities of 
the “milk factor” (2). It manifestly passes from teat to mouth dur- 
ing suckling and increases in amount during its sojourn in successive 
hosts; and in concert with certain hormonal and constitutional in- 
fluences, it obviously plays a crucial part in the etiology of one type of 
mammary adenocarcinoma. Yet, as much work has shown, it is 
harmless to mice of many strains and to males and castrated females 
of susceptible lines unless hormonal stimulation is given artificially 
to them during long periods of time. It seems especially noteworthy 
that the milk factor has not caused cancer directly under any of the 
experimental conditions devised thus far. As I have pointed out else- 
where (32), we remain ignorant of whatever part it may play in produc- 
ing the malignant change that finally comes about in the benign 
mammary adenomas in mice susceptible to breast cancer, and no evi- 
dence exists that it is essential to the continued proliferation of the 
malignant cells. Furthermore, its physical, chemical, and antigenic 
properties as defined thus far do not suffice to distinguish it as a virus, 
the sedimentable constituents of normal tissue cells being comparable 
to it in the properties deemed significant. Virus-like indeed the milk 
factor is, when considered broadly, but the fact deserves reiteration 
that its precise position in the hierarchy of things and its actual part 
in the pathogenesis of breast cancer in mice remain yet to be ascer- 
tained. It may weU be a carcinogenic agent — ^in the sense that under 
highly specific circumstances it brings about intracellular conditions 
favorable to the onset of malignancy — ^but in the end, like the Shope 
papilloma virus, it may turn out to be an epiphenomenon so far as the 
continued causation of cancer is concerned. 

Finally, we may consider briefly, in relation to the problem of malig- 
nancy, two virus-like agents that can be identified by serological means 
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in tumors. Some years ago, for reasons which I shall not here relate, 
I was led to ask whether the methods of serology might prove useful 
as a means of demonstrating in cancer cells the substances that make 
them such (28). From an extensive series of investigations along these 
lines, it has become plain that the cells of the Brown-Pearce rabbit 
carcinoma, a t)T)ical transplantable cancer of unknown cause, will reg- 
ularly yield a distinctive substance which is identifiable by serological 
means. This material has not been detectable in extracts of other 
rabbit tissues, either normal or neoplastic; in a number of experiments 
it did not elicit tumors when brought into contact with normal and 
experimentally altered rabbit tissues, yet upon analysis it proved to 
have certain physical and chemical properties remarkably similar to 
those of the viruses — notably a large particle size and weight as de- 
termined by ultrafiltration and ultracentrifugation — and other proper- 
ties which suggest that it is probably a protein and perhaps a ribose 
nucleoprotein (30). The subsequent studies of Claude and others 
have shown, however, that these physical and chemical properties are 
likewise shared by particulate components of many normal tissues, 
though it is clear that the specific constituent of Brown-Pearce tumor 
cells can be readily distinguished from the particulate components of 
normal rabbit tissues by serological means (30). Like the filtrable 
agents responsible for fowl sarcomas, the distinctive constituent of the 
Brown-Pearce carcinoma cell seems to be associated with, or to concur 
with, constituents of its malignant host cells that are similar in chemical 
and serological properties to the cytoplasmic microsomes of normal 
tissue cells as defined by Claude (14, 30, 31, 32) — an association that 
may have meaning in view of the time-honored implication that the 
formed constituents of cytoplasm play important parts in the activities 
of cells, as for example in determining differentiation and in mediating 
S5mthetic activities as well perhaps as in providing active centers for en- 
ergy metabolism. Recent observations have provided evidence that the 
distinctive constituent plays an essential part in the proliferative activi- 
ties of Brown-Pearce carcinoma cells, for it has been shown that the anti- 
body that reacts specifically with the distinctive constituent suppresses 
the growth of living Brown-Pearce carcinoma cells under a variety of 
experimental conditions (3 1) . In other serological investigations, facts 
have been uncovered which indicate that another substance, similar to 
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causation has been explained theoretically by analogies drawn from a 
number of rather distant sources. For example, from the hypothesis 
that plasmagenes are influential in determining the structure and be- 
havior of tissue cells (plasmagenes being h)rpothetical cytoplasmic en- 
tities presumably analogous to nuclear genes, and, like the latter, pos- 
sessing molecular dimensions as yet undefined), a number of authors 
have advanced the supposition that aberrant forms of these conjectural 
entities may be responsible for malignancy (15, 25), while from the con- 
ception that mutant plastids cause variegational diseases and viruses 
in plants, and from the supposition that all tissue cells harbor ultra- 
microscopic symbionts analogous to the intracellular “bacteroids” of 
cockroaches, other authors in turn (65, 1) have assumed that anomalous 
forms of those entities may cause cancer, and still other essayists 
have put forth related formulations having points of orientation some- 
what less discernible. It is indeed interesting that a number of scien- 
tists working in different parts of the world on widely various aspects 
of cellular biology should more or less simultaneously synthesize the 
view that variations in cytoplasmic entities may be responsible for the 
permanent, irreversible, and heritable alteration in tissue cells that 
constitutes cancer. Yet too much emphasis cannot be laid on the 
point that all of this is mere hypothesis, now jerry-built upon other 
h)^otheses, and comparable perhaps to the first formulations of the 
somatic mutation hypothesis of cancer causation some thirty years ago; 
hypothesis it, will remain unless altered cellular constituents can be 
demonstrated in malignant cells and shown to be responsible for their 
malfunction. 

The broadening of the attack on cancer, however, is of course all to 
the good, for in a problem so vast and intricate who can teU whence the 
next advance may come? And who can assay the benefits to it of the 
substantial achievements of cytology and genetics, old and new (63, 10, 
41, 26, 62), and of the factual contributions and important implications 
provided by recent work on a wide variety of cells (6, 58, 44, 12, 5, 23, 
4, 16)? And what mightn’t it profit the oncologist to know in detail 
all of what remains yet to be learned about growth and differentiation 
in normal cells — ^to comprehend, for example, the minutiae of mitosis, 
the vital doings of cytoplasmic and nuclear nucleoproteins, and the 
riddles of protein s 3 mthesis, of energy metabolism, and of specialized 
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cellular functions, not to mention the scores of related problems that 
immediately come to mind. Yet MacCallum was wise, it seems to me, 
in putting the section on tumors at the end of his Textbook of Path- 
ology (40), along with this statement: “-—We are quite familiar with 
the effects of every sort of injurious influence in disturbing temporarily 
the normal growth of tissue, and can formulate general laws for these 
effects which are found to be always respected. But tumors do not 
respect them at all. For that reason I have written of tumor growth 
separately from all the rest of pathology as a thing apart, not to be 
dealt with according to the laws of reaction of normal tissues. ’ ’ Think- 
ing along the same lines, Foulds, an experimental pathologist, in a de- 
tailed and dosely-reasoned histological and biological analysis of tu- 
mors (20), has written: “It is far from certain that complete knowledge 
of the forces which control the development and maintenance of normal 
structure would solve the problems of cancer.” Should the point of 
view be submerged by current coordinations of cancer research? 

In striking contrast to all of the factors that work for the good of 
cells, the viruses are predatory villains, invisible and notoriously sub- 
versive, yet dramatic and conspicuous in their effects, their activities 
as a rule bringing sickness and death to their cellular hosts. The sum 
of what has been learned about them and about their effects on cells, 
however, has not been without profit to cellular biology; in quantity 
and in precision it compares not unfavorably with what can now be 
marshalled about the nature and effects of other agents — cellular con- 
stituents, hormones, organisers, inducers, for example — that comprise 
and influence the structure and function of normal cells. It is quite 
conceivable that the viruses may prove increasingly useful as reagents 
for the study of intracellular processes, both normal and abnormal. 
Perhaps, indeed, the dim and uncharted lane between intracellular 
pathology and intracellular physiology can with profit be trod in both 
directions, becoming in due course a travelled and well-marked high- 
way. Even so, it may prove important to encourage those who seek 
within the cancer cell for the cause of its enduring malignancy; for 
therein it surely lurks, and perchance also the means for its control, 
whereas it may be latent or submerged in non-neoplastic cells, or even 
absent from them. For all, however, who would learn the ways of 
cells, the examples herein described, of viruses and virus-like agents 
in relation to their malignant hosts, may serve as useful guides. 
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Dr. A. McGehee Harvey: The subject for discussion today is the management 
of patients with epilepsy. Until recent years, most of our knowledge developed 
in a rather empirical fashion. Investigative techniques now available have re^ 
suited in an increased interest in this symptom complex, and facts which have a 
sound experimental background are rapidly accumulating. In view of the in- 
tense clinical and experimental activity now going on in this field, it seems ap- 
propriate to bring together the pharmacologist, the neurophysiologist, the neurol- 
ogist, the neurosurgeon, and the psychiatrist in a discussion of the present state 
of our knowledge and the future trends in research. 

The first speaker will be Dr. Butler, who will tell us about anti-convulsive drugs. 

Dr. Thomas C. Butler: This discussion will be concerned with only one aspect 
of the management of epilepsy, the suppression of the seizures by means of drugs. 
It will be devoted principally to the problems of detectmg antiepileptic activity 
in the laboratory. 

The bromides and phenobarbital, the principal drugs in use ten years ago, had 
both found their way into the clinical treatment of epilepsy without the benefit 
of any preliminary laboratory investigation directed toward a search for that 
particular type of activity. Potassium bromide, the first really effective agent 
against epilepsy, was introduced in 1857, and it owed its trial to theoretical reason- 
ing that proved to be fallacious. Sir Charles Locock had read the report of a 
German who had taken potassium bromide himself and had noted as one of the 
effects of the drug the development of sexual impotence. Locock, thinking that 
the drug might have some specific effect on sexual functions, tried it on some female 
patients who had attacks of what he termed “hysterical epilepsy” in connection 
with the menses. He found the drug efficacious and later extended its use to other 
types of epilepsy. Even though the reasoning that led to the trial of potassium 
bromide may have been scarcely more valid than that which had suggested the use 
of hundreds of other remedies during the preceding centuries, potassium bromide 
happened to differ from its predecessors in being a really effective antiepileptic 
agent, and it was not long before it was so recognized. 

The effectiveness of phenobarbital was disclosed as the result of clinical trial 
of every hypnotic agent that became available. After the first report of its use 
in epilepsy in 1912, it gradually began to be realized that phenobarbital, in com- 
parison with other hypnotics even in the barbituric acid group, had antiepileptic 
actmty out of proportion to its hypnotic activity. The accumulating experience 
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with hypnotic agents in epilepsy was giving increasing evidence that antiepileptic 
activity was not a simple manifestation of general anesthetic activity. 

The drugs of greatest interest that have been introduced during the last few 
years have received their clinical trial as a result of laboratory tests designed to 
uncover antiepileptic activity. This is not to say that the tests we have are known 
to be completely reliable guides. Nevertheless, whether for entirely valid reasons 
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or not, they have led to the trial of drugs that have proved valuable therapeutically 
and which promise to give a better insight into the nature of antiepileptic activity. 
The study of the so-called experimental epilepsies is by no means new. There 
are many ways of causing animals to undergo convulsive seizures which bear more 
or less resemblance to the attacks in the epileptic patient. On account of the 
ease of producing them, the most thoroughly studied laboratory seizures are those 
produced by convulsant poisons and those produced by electrical stimulation of 
the brain. 
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Fritsch and Hitzig, who in 1870 first discovered the effects of electrical stimula- 
tion of the motor cortex, also described the convulsions that could be produced by 
strong stimulation. They were able to duplicate the development of a typical 
Jacksonian seizure, and so confirmed Hughlings Jackson’s earlier speculations as to 
the nature of these attacks. It was immediately realized that this means of 
producing epileptiform seizures furnished an opportunity of testing drugs to be 
used in human therapy. Hitzig studied the effects of ether and morphine on 
cortical excitability. The same method was used by a few other investigators of 
that period to study the effects of some of the anesthetics and hypnotics then in 
use. However, the number of promising drugs available at that time was so 
small that this represented no progress in the search for antiepileptic drugs. 

At the beginning of this century groups in France and Switzerland were ex- 
perimenting on the convulsive effects of the passage of interrupted direct current or 
of alternating current through the intact head. This method was used as early 
as 1904 for testing several well kno^vn drugs, but the first application to the testing 
of a large series of compounds, with the view of uncovering antiepileptic activity, 
was the work of Merritt and Putnam in 1938. Merritt and Putnam used cats, 
with one electrode in the mouth and one on the occiput. They found that the 
familiar drugs produced effects on the convulsive threshold correlating with their 
known effects in human epilepsy. A number of compounds, not previously 
tested as antiepileptics, were found to be active in raising the threshold. 

As a result of this experimental work, one of these compounds has had a very 
thorough clinical investigation. This is S,S-diphenylhydantoin. Hydantoin is 
a compound structurally related to barbituric acid, and the 5 , 5-disubstituted 
hydantoins resemble the corresponding barbituric acids rather closely in their 
pharmacological properties. This particular compound, like a number of other 
hydantoins and barbituric acids, does not produce smooth anesthesia in animals. 
It produces a picture of combined excitation and depression, and in low doses 
actually appears purely convulsant. It affords no protection against convulsant 
drugs such as metrazol. According to the ideas then prevalent as to the nature of 
antiepileptic drugs, diphenylhydantoin is a drug that would not have been expected 
to beactive and doubtless would never have had a clinical trial had it not been tested 
in this w'ay. The tests in man soon showed that the drug was, in fact, a highly 
effective agent in suppressing grand mal seizures, that it produced less hypnosis 
than phenobarbital, and that it differed qualitatively from phenobarbital in its 
action in that it was effective in tjTJes of epilepsy where phenobarbital was in- 
effective. 

The success of the method of Merritt and Putnam in disclosing such a valuable 
and interesting drug as diphenylhydantoin naturally has led to the very widespread 
testing of drugs by similar procedures. Comparison of the results of various 
investigators leaves one with a picture of confusion and conflict, ^^^lile some are 
in essential agreement with Merritt and Putnam, others find that diphenylhydan- 
toin does not raise the convulsive threshold at all, or has less effect than pheno- 
barbital. This conflict apparently stems from the fact that almost every worker 
has used different placements of electrodes, different durations of shock, different 
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types of current, and, probably most important, different species of animals. 
There is some reason to believe that in different species, or with the passage of 
current through different paths, the convulsive discharges may arise in different 
foci. Experiments have been reported which suggest that diphenylhydantoin 
influences only those convulsions arising in the cortex. Further efforts to eluci- 
date the site and nature of the action of known antiepileptics would seem profitable 
in order to put the testing of new agents on a sounder basis. 

During the last four years, considerable study has been devoted to a drug which 
has been found to differ from the older antiepileptic agents both in laboratory and 
clinical tests. This drug is trimethadione. It is a derivative of oxazolidinedione, 
a compound which also resembles barbituric acid in structure. Derivatives of 
oxazolidinedione in which the S-position is substituted with two alkyl groups have 
hypnotic activity resembling that of the corresponding barbituric acids. This 
particular compound is hypnotic, but one of the least active hypnotics among the 
oxazolidinediones that have been studied. It has been found active in raising the 
convulsive threshold in electroshock, even by those techniques that fail to show an 
action of diphenylhydantoin. Unlike diphenylhydantoin, but like phenobarbital 
and other barbituric acids, it is an effective antagonist of metrazol and certain 
other convulsant drugs. The surprising finding on clinical trial was that the drug, 
while failing to suppress grand mal attacks, was quite effective in petit mal. 

From the knowledge now at hand, it would be difficult to make any final ap- 
praisal of the value of laboratory methods at our disposal for studying antiepileptic 
activity. By electrical stimulation it is possible to duplicate quite closely those 
seizures arising in the motor cortex, not in respect to the initiating cause but in 
respect to the spread of the neuronal discharge. Because of the difference in the 
initiating processes, it is not a priori obvious that all drugs will behave similarly 
in the two conditions. However, the electrically produced convulsion, at least in 
some animal species and in the hands of some investigators, has shown drug re- 
sponse in very good correlation with grand mal epilepsy in man. Those clinical 
seizures arising from discharge in other parts of the brain than the motor cortex 
are more difficult to reproduce and study in the laboratory. Trimethadione has 
been responsible for a revival of interest in the antagonism to convulsant drugs. 
The relationship of activity of this type to activity in petit mal epilepsy is by no 
means clear. The metrazol convulsion, although obviously not duplicating at 
all closely a petit mal seizure, may have some points of similarity. Of what value 
it will be in uncovering activity against petit mal is problematical. 

These three drugs, phenobarbital, diphenylhydantoin, and trimethadione, have 
had sufficiently thorough clinical investigation to establish that they have quali- 
tatively different types of action. It is to be hoped that intensive laboratory study 
of these drugs may clarify the basis of their differences and indicate the means by 
which superior drugs may be searched for in the future. However, it is^ obviously 
unsafe to base any very far-reaching generalizations on experience with such a 
small number of drugs. Any tentative conclusions must be tested eventually by 
careful clinical studies of a much larger number of appropriately selected drugs. 
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It may be worthwhile to speculate briefly as to the future in the field of anti- 
epileptic drugs. There is certainly reason to desire better drugs than those we 
have now. Diphenylhydantoin and trimethadione have brought with them ther- 
apeutic benefits not furnished by phenobarbital, but they have also brought toxic 
effects not produced by phenobarbital. There is no reason to believe that these 
particular compounds are the best members of theii own chemical tj^jes, or that 
antiepileptic activity is confined to structures closely resembling these. So it 
does not seem unreasonable to hope that the present drugs will be improved upon, 
certainly in respect to toxicity if not in respect to effectiveness. 

Dr. Harvey: Dr. Magladery will now take up the management of epilepsy from 
the viewpoint of the clinician. 

Dr. John Magladery: This morning we are going to discuss the management 
of the epileptic patient. It is a subject replete with many therapeutic facets, any 
one of which might be an ample topic for such a discussion. For obvious reasons, 
therefore, we shall attempt to keep this presentation on a very general level. 

It is well to take stock before proceeding to a consideration of measures which 
may be adopted to combat or modify any pathological process or disease entity. 
One must be familiar with the natural course of the abnormality, recognize its 
more common manifestations, appreciate the significance (when present) of certain 
features, understand what assistance may be obtained from special investigations 
and, perhaps more important, realize the limitations of such. Finally, and this 
is especially true of today’s subject, one must be well aware of the dual relationship 
of the abnormality to the patient as a human being — the emotional responses 
evoked by the disturbance, and the possible modifications of the abnormality by 
the emotional state of the individual. 

It has become apparent that one must now limit the term epilepsy in some way. 
Clearly, there are many apparently normal individuals showing some degree of 
alteration in elcctro-encephalographic pattern, of an intermittent character, and 
that this “epileptic tendency”, as it is sometimes called, shows strong hereditary 
features. Perhaps this represents a tendency on the part of such individuals to 
develop clinical seizures in the face of alterations in blood flow, cellular chemistry, 
intracranial pressure relationships, and so on, which would not lead to such per sc 
in other people. The cause of such tendency is of course completely unknown and 
will presumably remain so until we have some knowledge of the basis of the differ- 
ent neural circuits contributing to normal rhythmic cortical activity, factors in- 
fluencing facilitation and inhibition, suppression, and so on. For various reasons, 
however, and often for no apparent reason, these individuals may develop clinical 
seizures. This tendency to recurrent e.xcessive discharges when it produces clinical 
attacks or fits, we term epilepsy, and we arc thrust back on a clinical understanding 
of the features of this symptom. 

Here it becomes difficult. The dim'cal aspects of epilepsy are so many and so 
diverse that any formulation based on symptoms is hardly feasible. There are 
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discrepancies in any rigid criteria even as to what constitutes a fit. Prolongations 
of aura or post-ictal states may even detract from the comparatively sound clinical 
guides of sudden onset, brief duration (a few minutes at the most), and recurring 
habit. 

The possibility of establishing a working etiological classification of epilepsy 
seems more likely now than ever before. The roles of hypoglycemia in some seiz- 
ures, overventilation in others, hydration, the influence of minor cortical structural 
changes, in addition to more gross abnormalities, have all reached established ac- 
ceptance. This is so true that there seem reasonable grounds for the view that all 
epilepsies are really “symptmatic". Nevertheless, we are currently forced for 
tutorial reasons to confess our ignorance in the large majority of cases and lump 
them together as “cryptogenic'’ , or of obscure origin. There is nothing distinctive 
or mysterious in the latter group to separate it from the symptomatic epilepsies — 
either may show any of the descriptive subgroups which have clinical similarities 
or are sometimes (as stressed by Gibbs and Lennox) accompanied by rather dis- 
tinctive electro-encephalographic patterns; Jacksonian, grand mal, petit mal, 
psychomotor, akinetic, etc. I do not propose going into descriptions of these 
today. Our important problem in distinction be — ^is this epilepsy initiated 

or favored by an infection, structural lesion, or metabolic change which lends itself 
to correction by present-day means or, on the other hand, can our therapy be 
directed solely to the modification of the underlying cerebral dysrhythmia and of 
the patient as a human being? In other words, is this symptomatic or cryptogenic 
epilepsy? 

The differentiation, of course, devolves on an understanding of the clinical 
features of these various factors (and time does not permit discussion of these 
factors) but it can be furthered in certain ways. An important one lies in the age 
of the patient. Another lies in the attention to focal symptoms and signs — the 
latter absent, and the former uncommon, in cryptogenic epilepsy. Finally, 
further assistance can be obtained from special measures such as skull and chest 
x-rays, blood serological tests, urinalyses, and fasting blood sugars. Some 
groups would puncture and do encephalograms on all epileptics, and there 
is much to be said for that practice. This can be reserved, however, for those with 
other suggestions of intracranial space-occupying or focal disease only by accepting 
the responsibility of frequent examination of the patient. It must be remembered 
that in several large series, 40-50% of all patients wth seizures secondary to 
tumors had them as initial symptoms. Electro-encephalograms used indiscrimi- 
nately are of very limited value. Patients in the older age groups and those show- 
ing focal lesions are important in the search for focal or predominantly localized 
changes. 

The plan of treatment of each epileptic patient must develop in an orderly 
fashion and be directed towards various factors involved. There is rarely any 
great need for immediate institution of therapy, and each case merits detailed 
consideration of these factors before and during treatment. It is not merely a 
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question of administering certain drugs in fixed dosages to patients, but rather of 
the institution of a studied long-term care of the individual. 

Certain aspects of treatment associated with the various precipitating factors 
indicated above need only to be mentioned again — the operative treatment of foci 
associated with space-occupying lesions, trauma, vascular anomalies and the 
adequate treatment of syphilis — the management, medical or surgical, of hypo- 
glycemia — and so on. Let us rather consider what measures we have for the 
prevention or modification of the epileptic attacks themselves, be they sympto- 
matic or cryptogenic. 

In the first place, attention must be turned to the patient himself. It is un- 
common to find epilepsy first showing itself in the face of emotional difficulties or 
during the course of a psychogenic illness. Yet it is common experience that, once 
initiated, the frequency and continuance of attacks often depend on the emotional 
state of the patient. They are more frequent with insecurity and lack of purpose. 
In some cases, infrequent attacks may be completely controlled by good psychia- 
tric management alone. 

The converse is more strikingly evident. Every individual subject to repeated 
epileptic attacks faces a tremendous hurdle in his attempts at adjustment in 
society. If these have started early in life there is every possibility that he has 
been over-protected by his family; has been considered as different, at the very 
least, by his school fellows; has, in some cases, been deprived of schooling; has 
repeatedly been the centre of undue interest, either protective or horror-stricken. 
In adult life, these features are augmented by failure to obtain or hold employment, 
the barrier of marriage, and so on. It is not surprising, therefore, that personality 
changes in response to fear, frustration, repeated failure, are common amongst 
epileptics. Most observers agree that there is nothing specific about the pattern 
though numerous references to the so-called “epileptic personality” are to be 
found in the literature. Assistance must often be given then to the individual in 
his social adjustment, in rehabilitation measures, emplojunent. 

Deterioration in cryptogenic epilepsy is a vexing problem. It is unquestionably 
related in many cases to tlie psychogenic factors mentioned above; in others to the 
post-con\mlsive state associated with frequently-occurring seizures; in otliers to the 
too-enthusiastic use of medication. The correction of these influences often 
leads to a marked improvement. In a few cases unfortunately, and the explana- 
tion is not clear, deterioration is progressive and eventually may require institu- 
tional care. 

It is necessary, for the protection of the patient and others, to place certain 
restrictions on his activities, on driving a motor car — working in various poten- 
tially dangerous occupations — and so on, at least until he has shown himself under 
perfect control for a long period. This is introduced at this point to stress the 
fact that these restrictions should be specific and minimal, and their imposition 
should be made with full cognizance of their emotional value to the patient. 

Y c can pass quickly over general measures in the control of the epileptic at- 
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tacks. The work of McQuarrie, Temple Fay, and others has emphasized the 
relation of fluid intake to the frequency of seizures. Marked dehydrative meas- 
ures do reduce their incidence in large series; excessive fluid intakes lead to an 
increase in frequency. However, this is far from universally true for any individ- 
ual case. The best results have been obtained under strict regimes which are 
difficult to maintain. Perhaps its only therapeutic application lies in some degree 
of fluid restriction during febrile illnesses in epileptic children, and in instructions 
to all epileptics about the avoidance of excessive fluids of any sort. 

Despite the suggestive improvement of some individuals under ketogenic 
diets, this is also not very impressive numerically, and again introduces a dif- 
ficult and strict regime. 

One word should be said about alcohol. Some individuals only have seizures 
during or following alcoholic bouts. All epileptics have inherently one formidable 
hazard — they are ill-advised from the standpoint of safety, or even the law, to 
add another hazard. 


The foundation of the control of epileptic seizures lies in adequate drug therapy. 
This means the use of the most effective drug or combination of drugs in sufficient 
dosage, the avoidance of drug reactions, and finally the exhibition of the material 
at the time most needed. The choice of drugs has become an important matter 
and there are several from which to choose. No doubt the list of possibilities 
will increase. Though none are specific, certain drugs have been found empirically 
to be more useful than others in different manifestations of epilepsy. All have 
certain disadvantages or even dangers. All take a period of time in producing 
full clinical effect quite unrelated to rates of absorption and excretion. It is 
unwise, therefore, to judge the efficacy of a drug or dosage until the patient has 
been under its influence for a considerable period of time — usually a matter of 
weeks. Changes in type of drug or dosage must be made gradually. Secondly, 
the sudden withdrawal of one drug which is not achieving a completely satis- 
factory result, with or without the substitution of another, may initiate a striking 
recurrence of seizures — even precipitate a dangerous status epilepticus. These 
drugs must be tapered off as well as on. A third point of value lies in the timing 
of dosage. The administration of phenobarbital, for instance, to a patient with 
purely nocturnal attacks is more effectively made in the evening, with morning 
of course being a better choice for one with purely diurnal seizures. Similarly, 
increases in dosage may be made prior to menstrual periods if such have been 


known to be accompanied by increased seizure incidence. 

Four drugs are now in common use in the treatment of epilepsy: the bromides, 
phenobarbital, dilantin, and tridione. Since they haye been considered in detail by 
Dr. Butler, I propose merely to touch on certain clinical aspects of their use. 
The bromides are now little used as a basic medication despite the tremendous 


advance made by their introduction some ninety years ago. Their effects are 
capricious and depend on associated chloride levels. They are cumulative and, 
with prolonged heavy dosage, can readily lead to evidence of toxicity skin 
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lesions, mental dulling, emotional and psychotic changes. Nevertheless, the addi- 
tion of bromides to other forms of treatment in cases which do not respond com- 
pletely otherwise may be very effective. For such purposes in an adult, 0.6 gram 
doses, two, three, or four times a day are useful. 

The introduction of phenobarbital added a much more powerful anticonvulsive 
drug. Its action is relatively rapid, and it can be given parenterally as well in 
the emergency treatment of status epilepticus. It is the most important routine 
antiepileptic drug, either by itself or in combination with dilantin. It is most 
effective in controlling the types of seizures associated with active motor or sensory 
manifestations — ^grand mal seizures, Jacksonian attacks, or focal epilepsy. Dosage 
of from 60 to 180 mg. dally (for an adult) is in most cases adequate, though some- 
times it may be necessary to exceed this. Phenobarbital has limitations however. 
IVhile it is well worth trying in petit mal attacks or akinetic seizures, the results 
are unpredictable. Some patients respond well, others do not. There is in- 
creasing evidence that its use in psychomotor episodes may even increase their 
frequency and this possibility must be borne in mind. Toxic effects are unusual 
with common therapeutic doses, though less rare with children. Larger doses may 
produce dro\vsiness, and this constitutes its greatest disadvantage. This can be 
counteracted, but only to some extent, with benzedrine or caffeine. Less common 
arc mild ataxia or emotional changes. Rashes may rarely appear. 

Dilantin, like phenobarbital, has its greatest effect on grand mal, Jacksonian, 
and focal seizures. Furthermore, evidence is accruing of a definite effect in the 
reduction of psychomotor attacks. It has the distinct advantage of being un- 
assoclatcd with mental clouding or drowsiness. It is generally used therefore as 
a basic medication in doses (for an adult) of 0.3-0.4 grams or more daily. It too, 
has certain limitations. The achievement of a dilantin effect is slower than that 
with phenobarbital. Some cases will respond more effectively to it than to pheno- 
barbital — others, less well. Not infrequently its administration produces some 
degree of gastric distress so that its ingestion with meals is desirable. It is often 
indeed difScult to give it at other times. For these various reasons, its use is 
commonly augmented by smaller morning and/or evening doses of phenobarbital. 
Dilantin has, apart from the absence of drowsiness, more frequent to.xic effects 
than phenobarbital. Skin eruptions sometimes occur. Enlargement of the gums 
may be distressing. Less commonly in adults, but not too infrequently in children, 
ataxia, diplopia, nj-stagmus, may appear. 

Tlie handling of patients suffering from seizures which are characterized essen- 
tially by lack or restriction of function, as opposed to those with striking motor and 
behavior changes, has alwaj's been difficult. I refer to petit mal and akinetic 
seizures. In both of these, the use of the above-mentioned drugs is often dis- 
appointing. Fortunately, the natural course of both is often a fluctuant one, and 
frequently one tending towards spontaneous improvement. This is especially 
true in children. However, this is far from the common experience. There is 
II real need for a drug with a specific effect on these forms. Tridionc, which was 
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originally given dinical trial as an anticonvulsant material, has certainly met with 
some success in the treatment of both petit mal and akinetic attacks. The time 
has not yet come to assess its value adequately. In a recent report on 175 patients 
who had previously resisted all attempts at control, Lennox reported one-third 
as free of seizures, one-third as having less than one-quarter the previous number 
of attacks, one-third as unchanged. He used doses of 0.3 grams two, three, or 
four times daily. Other reports are somewhat less enthusiastic. Most clinicians 
who have used tridione have had the distressing experience, at one time or another, 
of finding major seizures appear for the first time in a patient with petit mal. 

The toxic effects of tridione are likewise not yet dearly realized nor perhaps 
recognized. All patients under such therapy witness hemeralopia — an increased 
visual sensitivity to light — which may, or may not, be very distressing. Skin 
eruptions occur. Apparently the most dangerous effect is on the blood leucocytes. 
There is a tendency to neutropenia, and a check on this must be made frequently. 
At least three cases of fatal agranulocytosis have been reported so far. It seems, 
therefore, that in this drug we have a material which is more effective than other 
measures in the treatment of petit mal and akinetic seizures. It has, however, 
undesirable effects and dangerous possibilities. I think a wise plan at present is 
to reserve its use until the effects of all other measures, and of time, have been 
well assessed. 

Dr. Harvey: Since Dr. Walker has been interested in the problem of focal 
epilepsy I will ask him to open the discussion. 

Dr. A . Earl Walker: I have been particularly interested in focal epilepsy, i.e., 
convulsive seizures that develop due to a lesion in the cerebral cortex. The first 
question raised is “why do some people develop convulsive seizures when they have 
a brain lesion and others do not?” It has been suggested that a constitutional 
factor is responsible, a factor related to the cerebral dysrhythmia found in 15% of 
normal individuals However, there is no clinical evidence for such a view, 
Ziskind studied patients with focal epilepsy and found no higher familial incidence 
of epilepsy among the relatives of such patients than in the normal population. 
Penfield and Erickson came to a similar conclusion. In the last war, in a series of 
250 cases of post-traumatic epilepsy which we studied, the incidence of epilepsy in 
the families of the patients was no higher than in the general population. 

We have been interested in the course of focal epilepsy. The attacks seemed to 
indicate that one part of the brain is responsible and that the attacks spread from 
that area. But the electro-encephalogram often indicates a generalized dysrhy- 
thmia. Is this the end result of a focal lesion or did the patient have a cerebral 
dysrhythmia originally? In practical terms, suppose a child of two or three years 
of age has a head injury and develops focal fits and at the age of ten years the 
electro-encephalogram looks like a generalized dysrhythmia, would removal of the 
original focus at the age of two or three have prevented the development of a 
generalized dysrhythmia? 
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To that question we have no definite answer, but there is some experimental 
evidence on this point. We have placed wax pellets of penicillin on the brain 
surface of monkeys, inducing a Jacksonian attack. After a short time the electro- 
encephalogram, instead of showing a focal abnormality, shows a generalized dys- 
rhythmia; in other words clectro-cncephalographic alterations occur not only at 
the site of the pellet but also on the opposite side of the brain. The experimental 
epileptogenous focus may affect the entire brain so that it gives rise to a generalized 
dysrhythmia. 

We-cncountered another problem in studying focal epilepsy. In many instances 
we did not see the attack and had only the patient’s vague description of it. To 
determine the characteristics of the attack, focal or generalized, we attempted to 
activate the potential epileptogenous foci. Many techniques and drugs were tried 
but metrazol in small doses was found to reproduce best the clinical seizure. 
Moreover, 2 cc. of metrazol will cause electro-cncephalographic attacks without 
inducing the clinical fit, so that the locus of the firing zone may be determined in 
relation to a cranial defect or scalp wound. 

In the case of brain wounds, the focus lies about but never in the actual scar. 
One cannot elicit an attack by stimulation of the scar, but, if the appropriate part 
of the margin of the scar is stimulated, the attack occurs and is precisely the same 
as that which the individual has spontaneously. The focus determined by metra- 
rol activation appears to be constant. It is in the same place today and tomorrow. 
Occasionally we found multiple epileptogenic foci. 

Dr. Theodore Lidz: Can one safely assume if a dose of 2 cc. of metrazol is given 
that a normal individual will not have an attack, whereas an epileptic will? 

Dr, Walker: The answer to that question is probably yes, although we do not 
have a large scries of normal individuab. In posttraumatic epileptics, 2 cc. of 
a 10% solution of metrazol on a primary single test will give rise to convulsive 
manifestations in 45 per cent of cases. By repeating the test you can bring the 
percentage up to 67 per cent. There are 30 per cent of posttraumatic epileptics 
who will not have a seizure by thb technique. In the idiopathic seizures the 
incidence is a little bit higher. Dr. Jasper has given the metrazol somewhat more 
slowly and can precipitate electro-cncephalographic attacks in 85% of the cases 
of idiopathic epilepsy. Approximately 10% to 15% of the patients will have 
clinical generalized attacks, another 5% focal manifestations, the other 80% will 
have no dinical evidence of a fit. The chances arc one in seven of producing a 
dinical seizure, whereas the chances of electro-cncephalographic manifestations 
arc eight in ten. 

Dr. Leonard J. Gallant: There arc some points I would like to bring up about 
the effect of drugs on the clcctro-cnccphalogram. First of all, with the average 
anlicon\-ulsivc doses of the medications mentioned there b no effect on the brain 
v-avc in normal people. In epileptics — I’d like to confine my remarks to the idio- 
pathic kind — either they show no effects, or in most cases more abnormalities ap- 
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pear. Many larval attacks not shown spontaneously become more easily seen. 
With tridione, for example, we see an increase in the high voltage activity in the 
electro-encephalogram. Tridione will enhance the faster attacks which are like 
grand mal attacks. Any hypnotic given to the point of anesthesia enhances the 
abnormal components of the electro-encephalogram. Dilantin increases the 
slower component of the brain wave, and many of these people who are treated for 
grand mal, after treatment begin to show petit mal. Finally, since diagnosis is 
the first step in treatment I have felt epilepsy should be a clinical diagnosis, and 
the brain wave should be used as an adjunct because fifteen per cent of epileptics 
may not show any abnormality in the test and fifteen per cent of non-epileptics may 
show abnormalities. 

Question: How often does hyperventilation precipitate grand mal in an epDeptic 
subject? 

Dr. Gallant: In one study the investigators kept the patients hyperventilating 
until a fit occurred. They found 37 per cent had seizures. Hyperventilation for 
three or four minutes wiU not generally precipitate convulsions in the epileptics. 
Hyperventilation for five to seven minutes will bring about convulsive episodes in 
a considerable number of patients. 

Dr. Harvey: Would Dr. Woolsey care to make a few comments? 

Dr. Clinton N. Woolsey: The subject as you have been considering it today has 
been clinical in its point of view. However, some recent results from the physio- 
logical laboratory may be pertinent and of ultimate practical interest for the 
surgical treatment and the diagnosis of epilepsy. 

I suppose it is generally held that epileptic discharges from the cerebral cortex 
make use chiefly of the pyramidal tract and that this tract originates in the pre- 
central motor cortex. There is increasing evidence that only a portion of the 
pyramidal tract originates in the so-called “motor cortex.” We have recently 
applied a new technique to the study of this problem, and have undertaken to map 
the cortical origins of fibers traversing the medullary p3n:amid by stimulating the 
pyramid electrically and recording the potential changes produced in the cortex by 
the arrival of impulses conducted antidromicaUy in the pyramidal axones. By 
this method it has been possible to confirm and extend the evidence regarding the 
regions of cortex contributing fibers to the pyramidal tract. The regions include 
areas four and six precentrally and the entire parietal lobe in the monkey and 
homologous areas in cat and rabbit. 

The largest contribution apparently does indeed originate precentrally but 
there is also a very considerable part of the pathway which comes from the post- 
central gyrus. Moreover, there is special interest in the pyramidal fibers whose 
cells are in that portion of the parietal cortex which forms the upper bank of the 
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sylvian fissure in the monkey and the homologous region in other species. This 
is the locus of a second somatic afferent area, so the region both receives and dis- 
charges. In the experimental animal discharges from this area can give rise to 
epileptiform convulsions of the J acksonian type. Rasmussen and Penfield recently 
have reported data suggesting the existence of a similar system in man. Thus 
it should be important for diagnosis and surgical therapy to keep in mind the 
existence of efferent pathways not originating in the precentral motor cortex, es- 
pecially since failure to consider this parietal motor system could lead to mistaken 
localization of an epileptogenic focus. 

Dr. Harvey: There is still a great deal to be learned about epilepsy, nevertheless 
we are faced with the management of a large number of cases with a still inadequate 
armament. Emotional problems are important and I wonder if Dr. Lidz would 
care to comment. 

Dr. Theodore Lidz-. The psychiatric management of patients with epilepsy has 
been admirably discussed by Dr. Magladery. I should like to mention only one 
other point. When a patient has been rendered free of seizures by proper manage- 
ment and is apparently in a state of equilibrium, it sometimes happens that 
symptoms suddenly reappear. This recrudescence may be brought about by some 
minor emotional irritation on the part of the patient, and often superficial psycho- 
therapy will effect a subsidence of symptoms. I would urge you to try such simple 
measures before undertaking extensive changes in drug regimens. 

Dr. Gallant: Dr. Lidz’ remarks lead to another interesting matter. Some epi- 
leptics may use their attacks for ego satisfaction. By preventing these attacks, 
the patient is robbed of this outlet and may develop other symptoms. 

SUMMARY 

The rational management of epUepsy depends on the separation of symptomatic 
seizures caused by brain tumors, syphilis, etc., from the “cryptogenic” variety. 
Only when specific causes can be excluded is it safe to proceed solely with measures 
to suppress the seizures. Such suppression is effected largely by drugs and by con- 
trol of emotional factors. Secondary but important considerations are the avoid- 
ance of alcohol and of other situations wherein an attack would endanger the 
patient or others. Dehydration and ketogenic diets have infrequent usefulness 
in the modern therapy of epilepsy. 

Emotional and social rehabilitation is one of the key points in the proper man- 
agement of epileptics. Such factors play an important role in the precipitation 
and in the frequency of attacks. More serious is the impact of repeated attacks on 
the psychological development and adjustment of the individual to school, work, 
and social situations. 
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The drugs of greatest usefulness are phenobarbital and dilantin. Bromides are 
not much used because of toxicity. Tridione has been successful in the suppres- 
sion of petit mal and akinetic seizures, but it occasionally causes agranulocytosis 
and has other unpleasant side effects. Methods of animal screening have been 
improved and it is to be hoped that more potent and less toxic agents will be 
forthcoming. Animal experimentation has demonstrated also that a focal lesion 
of the cortex may give rise later to a generalized dysrhythmia, and secondly that 
cortical areas other than those of the motor cortex participate in motor phenomena. 
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In three of the preceding papers of this series various types of 
congenital heart disease have been discussed (1, 2, 3). This report 
presents the physiological studies made in a group of individuals with 
isolated septal defects. Five cases with these lesions were selected 
as being most representative of the various clinical aspects of this 
anomaly. These cases will be presented in a sequence of increasing 
clinical disability to clarify the relationship between the degree of 
incapacity and the physiological data obtained. 

METHODS 

The methods used in these studies have been described in detail 
and evaluated in the first paper of this series (4). The Fick principle 
has been applied to determine the blood flow through various parts of 
the circulation. A restatement of the formulae based upon this 
principle and a definition of terms is made at this point for clarity. 

a. Systemic flow is the volume of blood passing through the per- 
ipheral vessels per minute. 

System ic Blood Flow (ml. per minute) = O 2 uptake (ml. per minute) X 100 
O 2 content of peripheral arterial blood (volume per cent) — 

O 2 content right auricular blood (volume per cent). 

b. Pulmonary artery flow is the volume of blood passing through 
the pulmonic valve into the pulmonary artery per minute. 

Pulmonary Artery Flow (ml. per minute) = O 2 uptake (ml. per minute) X 100 
O 2 content of pulmonary vein blood (volume per cent) — 

O 2 content pulmonary arterial blood (volume per cent) 

' Supported by grants from the Commonwealth Fund and the Carolyn Rose 
Strauss Foundation. 
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If the oxygen content of pulmonary vein blood is not measured 
directly, it is assumed to be 95 per cent of the oxygen capacity. If 
blood of the pulmonary artery is not obtained, a sample taken from 
the right ventricle near the pulmonic valve (the outflow tract) is 
substituted. 

c. From a and b it may be computed that 

Shunt (ml. per minute) right to left = Systemic flow — Pulmonary artery flow 

or 

Shunt (ml. per minute) = left to right = Pulmonary artery flow — Systemic flow 

The formulae permit an estimation of the volume and overall di- 
rection of the intracardiac shunt. Nevertheless, an analysis of the 
oxygen contents gives evidence that reciprocal admixture does occur. 

d. Effective pulmonary flow is that volume of mixed venous blood 
which, after its return to the right auricle, ultimately reaches the 
pulmonary capillaries. 

Effective pulmonary flow (ml. per minute) = O 2 uptake (ml. per minute) X 100 
Oj content of pulmonary vein blood (volume per cent) — 

Oj content right auricular blood (volume per cent). 

Bloods for analysis from the various parts of the circulatory system 
were obtained by cardiac catheterization, following the method of 
Cournand (5), and by direct arterial puncture. Blood gas analyses 
were carried out in the manometric apparatus of Van Slyke and Neill 
(6). Arterial and intracardiac pressures were optically recorded by 
means of a Hamilton manometer (7), and mean pressures were calcu- 
lated by planimetric integration of the area under the curve. Re- 
spiratory gases were collected in Douglas bags and analyzed in the 
Haldane apparatus (8) and corrected to standard temperature and 
pressure. Resistance in the pulmonary circuit was calciflated by 
Aperia’s formifla (9). The standard exercise test referred to is de- 
scribed in an earlier communication (4), and its interpretation and 
significance therein discussed. 

The shortcomings inherent in the application of the above formulae 
have been discussed in connection with the determination of pulmonary 
artery flow in the presence of a ventricular defect (4). Smularly, 
the calculation of systemic flow is complicated by reciprocal admixture 
through an auricular septal defect. This necessitates the use of the 
oxygen content of blood from the superior vena cava as representative 
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of mixed venous blood. This may provide an error in the results, 
since it has been shown that true mixture of venous blood does not 
occur before the outflow tract of the right ventricle (5). 

All the cases presented in this report fulfill the physiological criteria 
for the presence of septal defects, although in none has the diagnosis 
been confirmed by postmortem examination (10, 11). An auricular 
septal defect is present when the oxygen content of the right auricular 
blood exceeds that of blood from superior vena cava blood by about 2 
volume per cent. A similar difference between right auricular and 
right ventricular blood demonstrates the presence of a ventricular 
septal defect. Direct evidence of such defects may be obtained when 
the left chambers of the heart are catheterized. 

Case 1. A. G. A. (age 10, date of study November 12, 1947). The birth and 
development of this child were normal. When the patient was 2 months old the 
family physician diagnosed heart disease. At the age of two years he had an 
episode of slight cyanosis and momentary loss of consciousness. Two similar 
episodes followed within six months, but there were no further recurrences. At 
the time of examination he suffered no incapacity. 

On physical examination there was no clubbmg or cyanosis. The positive 
findings were limited to the heart. The blood pressure in the arm was 105/70. 
There was a marked thriU over the precordium, maximal in the left second inter- 
space. There was a very loud, widely transmitted systolic murmur over the 
precordium, maximal in the second and third interspace, and a long, blowing, 
much fainter diastolic murmur along the left sternal border. 

On fluoroscopy, the heart was of normal size, with a prominent pulmonary 
conus. Pulmonary pulsations of normal degree were seen. By x-ray, some right 
auricular enlargement was seen in the LAO position. The ECG was normal. 
Routine laboratory studies revealed a hematocrit of 38, hemoglobin of 12.0 grams, 
and a red count of 4.6 million. 

Physiological studies: The standard exercise test was not performed. Pertinent 
data obtained during cardiac catheterization are shown in Table I. Significant 
findings are as follows: 

1. The oxygen content of right ventricular blood exceeded that of right au- 
ricular blood by 4.6 volume per cent. The oxygen content of pulmonary arterial 
blood was 3.4 volume per cent higher than that of right auricular blood. 

2. The oxygen saturation of peripheral arterial blood was 99 per cent. 

3. The pulmonary arterial pressure was 30/10, with a mean pressure of 20 
mm. Hg. 

Comment: The rise in oxygen content from right auricular to right 
ventricular blood indicates the presence of a ventricular septal defect 
allowing admixture of oxygenated blood with the venous blood. The 
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slightly lower oxygen content of the pulmonary arterial blood may 
be due to the fact that the right ventricular sample was taken as the 
catheter tip lay near the septal defect. The overall shunt is 5260 
cc./min./M 2 directed from left to right as shown by the fact that the 
pulmonary artery flow exceeds the systemic flow., 

The full saturation of the peripheral arterial blood, as well as the 
equality of systemic and effective pulmonary flow, indicate that the 
shunt is directed entirely from left to right with no reciprocal ad- 
mixture (Fig. 1). 
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Case 2. A. J. W. (age 9, date of study September 30, 1947). This child was 
apparently normal at birth. Except for a single attack of unconsciousness with 
convulsions at the age of three months, his development was unremarkable. When 
he was five days old the family physician noted that he had a cardiac murmur. 
For six months prior to admission he had occasional precordial pain, unrelated to 
exercise. Slight dyspnea began at this time and subsequently increased, although 
it remained moderate and caused the patient no apparent incapacity. 

On physical examination there was no clubbing or cyanosis. The positive 
findings were limited to the heart. The blood pressure in the arm was 102/48. 
The cardiac outline was normal to percussion. There was a systolic thrill dis- 
tributed over the entire anterior chest wall, in the left first, second and third 
interspaces a continuous murmur could be heard, but the diastolic component 
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was much less pronounced than the systolic. On fluoroscopy the heart was of 
normal size with a prominent pulmonary conus. The vascular markings in the 
lung fields were increased, but pulsations were normal. On x-ray, both the right 
auricle and ventricle were seen to be enlarged. The ECG showed left axis devi- 
ation and normal left ventricular preponderance. Routine laboratory studies 
revealed a hematocrit of 38.5, a hemoglobin of 11.9 grams, and a red count of 
4.5 million. 



Fig. 1. Illustrating the Findings in Case 1 (A. G. A.) 

The oxygen content of right ventricular blood is significantly higher than that 
of the right auricular blood, indicating a ventricular septal defect. The pulmonary 
artery flow exceeds the systemic flow, giving the intracardiac shunt an overall 
direction of left to right. Since the effective pulmonary flow equals the systemic 
flow, there is no reciprocal right to left admixture. 

Physiological studies: The standard exercise test was not performed. Pertinent 
data obtained during cardiac catheterization are shown in Table I. Significant 
findings are as follows; 

1. The oxygen content of the right ventricular blood was 2.4 volume per cent 
higher than that of the right auricular blood. 

2. The saturation of the peripheral arterial blood was 91 per cent. 

3. The pulmonary artery flow was greater than the systemic flow. 

4. The pulmonary arterial pressure was 40/29 with a mean pressure of 34 
mm. Hg. 

Comment: The rise in oxygen content from right auricular to right 
ventricular blood indicates the presence of a ventricular septal defect, 
allowing admixture of oxygenated with venous blood. The overall 
shunt is 670 cc./mui./M 2 directed from left to right, as shown by the 
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fact that the pulmonary artery flow exceeds the systemic flow. How- 
ever, reciprocal right to left admixture is demonstrated by the lowered 
saturation of peripheral arterial blood and by the fact that the effective 
pulmonary flow was less than the pulmonary artery flow (Fig. 2). 

C(we J. V. E. (age 27 , date of study October 20, 1947). This patient was a 
Lorain type dwarf. Her birth was not remarkable. Her developmental history 
was normal except for lack of growth. For as long as she could remember she 
had known she had heart disease. Although she had had some exertional dyspnea 



The oxygen content of right ventricular blood is significantly higher than that 
of the right auricular blood, indicating a ventricular septal defect. The pulmonary 
artery flow exceeds the systemic flow, giving the intracardiac shunt an overall 
direction of left to right. Since the effective flow is lower than the systemic flow, 
there is reciprocal admixture from right to left. 

while in school, it had not been progressive, nor had she ever manifested cyanosis. 
In 1933 she became pregnant and, suffering some increase in her dyspnea, was hos- 
pitalized. The child was delivered by Caesarean section. An ECG in March of 
that year showed left axis deviation and myocardial damage. The patient was 
not seen again until January 1947, at which time she was having increasing exer- 
tional and nocturnal dyspnea. Her liver and spleen were enlarged. She was 
digitalized, but continued to suffer intermittent bouts of decompensation. 

On physical examination at the time of the present study, the positive findings 
were limited to the heart, except for the traits of dwarfism. There was no clubbing 
or cyanosis. The blood pressure in the arm was 110/70; The heart was enlarged 
to the left. There was a loud systolic murmur and thrill in the left second inter- 
space, transmitted all over the chest. At the apex there was a harsh, high pitched 
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systolic blow. There were no diastolic murmurs. X-ray, on September 11, 1947, 
revealed the heart to be enlarged to the left. The pulmonary artery was promi- 
nent and the aorta hypoplastic. Slight enlargement of the right auricle and right 
ventricle was noted. The ECG showed left axis deviation and bundle branch 
block. Laboratory studies revealed a hematocrit of 45.5, a hemoglobin of 13.8 
grams, and a red count of 4.9 million. Circulation time (decholin) was 10 seconds. 

Physiological studies: The standard exercise test showed a rise in oxygen con- 
sumed per liters of ventilation (Table II). Pertinent data obtained during cardiac 
catheterization are shown in Table I. Significant findings are as follows: 

1. The oxygen content of the right auricular blood was 2.5 volume per cent 
higher than that of the blood of the superior vena cava. The oxygen content 
of the right ventricular blood was 2.0 volume per cent higher than that of the right 
auricular blood. 


TABLE n 


Results Obtained from the Standard Exercise Test 
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2. The oxygen saturation of the peripheral arterial blood was 90 per cent. 

3. The pulmonary arterial blood flow exceeded the systemic flow. 

4. The pulmonary arterial pressure was 49/20 with a mean pressure of 39 
mm. Hg. 

Comment: The rise in oxygen content of blood from superior vena 
cava to right auricle indicates the presence of an auricular septal 
defect allowing left to right admixture of blood. A further rise in 
oxygen content of the blood from right auricle to right ventricle indi- 
cates the presence of a ventricular septal defect. The overall shunt is 
855 cc./min./M 2 directed from left to right as shown by the fact that 
the pulmonary artery flow exceeds the systemic flow and that the 
efiective pulmonary flow is lower than pulmonary artery flow. Re- 
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ciprocal right to left admixture through the defects is indicated by the 
lowered saturation of peripheral arterial blood. 

In the calculation of the systemic flow, the oxygen content of blood 
from the superior vena cava was used. This resulted in an overall 
shunt directed to the right. If higher oxygen content of blood were 
substituted in the Fick equation, the calculated systemic flow would 
exceed the pulmonary artery flow. From this calculation the overall 



Fig. 3. Showing the Findings in Case 3 (V. E.) 

The oxygen content of the right auricular blood is significantly higher than 
that of the superior vena cava. The oxygen content of the right ventricular blood 
is significantly higher than that of the blood of the right auricle. Auricular and 
ventricular septal defects are thereby indicated. The pulmonary artery flow 
exceeds the systemic flow, giving the intracardiac shunt an overall direction of 
left to right. Since the effective flow is lower than the systemic flow, there is 
reciprocal admixture from right to left. 

shunt would be directed toward the left. It is evident, therefore, 
that calculation of shunts in patients with septal defects, except for 
their order of magnitude, are at best approximations (Fig. 3). 

Case 4. G. D. (age 16, date of study September 16, 1947). The patient’s 
birth and development were normal. When he was two years old his parents 
were informed by a physician that he had a “cardiac condition.” When he was 
ten his parents first noted marked dyspnea and mild cyanosis on moderate exertion. 
Despite a progression of these symptoms, he had no convulsions, paralysis or 
loss of consciousness. Although he could walk half a mile, climbing stairs caused 
extreme dyspnea. 
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On physical examination the patient was seen to be mildly cyanotic with slight 
clubbing of the fingers. The blood pressure in the arm was 104/78. The thorax 
was asymmetrical, bulging slightly on the left side. The heart was within normal 
limits of size to percussion. There was a rough, moderately loud systolic murmur 
heard best at the left sternal border in the fourth interspace and transmitted to 
the apex. The second pulmonic sound was snapping and was louder than the 
second aortic sound. On fluoroscopy the size of the heart was normal. The 
pulmonary conus was promment and the pulmonary artery was large and quiet. 
The ECG showed right axis deviation and right ventricular hypertrophy with a 
slight delay in interventricular conduction time. Laboratory studies revealed a 
hematocrit of 43.5, a hemoglobin of 14 grams, and a red count of 5.3 million. 

Physiological studies: The standard exercise test showed a rise in the oxygen 
consumed per liters of ventilation (Table TI). Pertinent data obtained during 
cardiac catheterization are shown in Table I. Significant findings are as follows; 

1. The oxygen content of the right auricular blood was 2.0 volume per cent 
higher than that of the blood of the superior vena cava. 

2. The oxygen saturation of the peripheral arterial blood was 79.5 per cent. 

3. The systemic blood flow exceeded the pulmonary artery flow. 

4. The pulmonary arterial pressure was 74/47 with a mean pressure of 64 
mm. Hg. 

Comment: The rise in oxygen content of blood from the superior 
vena cava to right auricle indicates the presence of an auricular septal 
defect. The overall shunt is 710 cc./min./M 2 directed from right 
to left as shown by the fact that the systemic flow exceeds the pulmo- 
nary artery flow. The low saturation of the peripheral arterial blood 
and the fact that the effective pulmonary flow is lower than the pulmo- 
nary artery flow give further evidence of the right to left shunt. How- 
ever, the rise in oxygen content from superior vena cava to right 
auricular blood shows reciprocal admixture from left to right through 
the auricular septal defect (Fig. 4). 

Case 5. L. G. (age 30, date of study April 2, 1947). The patient recalls only 
that his mother restricted his activity and that he had two episodes of epistaxis 
during his childhood. He was supposed to have been cyanotic at birth and during 
childhood, and to have suffered easy fatigue and dyspnea. As far back as he 
can recall, he has had some degree of cj'anosis of the nailbeds and lips aggravated 
by exertion and cold. He became dyspneic on mild exercise. 

On physical examination, slight clubbing and cyanosis were noted. The 
remaining positive findings were limited to the heart. The blood pressure in the 
left arm was 90/76; in the right arm, 112/92. The heart was normal m size to 
percussion. There was no thrill. There was a short blowing systolic murmur 
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at the lower left sternal border. In the fifth interspace at the sternal edge a short 
high-pitched systolic murmur was well localized. Neither murmur was trans- 
mitted. On fluoroscopy the size of the heart was normal. There were increased 
vascular markings with minimal pulsations in the lung fields. The pulmonary 
arteries were large. The EGG showed right axis deviation, right ventricular 
h3T3ertrophy, and right bundle branch block. Laboratory studies revealed a 
hematocrit of 71.2, a hemoglobin of 21.8 grams, and a red count of 9.8 million. 
Angiocardiography gave equivocal results. 



Fig. 4. Illustrating the Findings in Case 4 (G. D.) 

The oxygen content of the right auricular blood is significantly higher than 
that of the superior vena cava blood. This indicates the presence of an auricular 
septal defect. The systemic flow exceeds the pulmonary artery flow, giving the 
intracardiac shunt an overall direction of right to left. Since the effective flow 
is lower than the pulmonary artery flow, there is reciprocal admixture from left 
to right. 

Physiological studies: The standard exercise test showed a rise in the oxygen 
consumed per liters of ventilation (Table II). Pertinent data obtained during 
cardiac catheterization are shown in Table I. Significant findings are as follows: 

1. The oxygen content of the right auricular blood was 1.7 volume per cent 
higher than the blood from the superior vena cava. 

2. The oxygen saturation of the peripheral arterial blood was 70.5 per cent. 

3. The systemic blood flow exceeded the pulmonary artery flow. 

4. The pulmonary arterial pressure was 103/70 with a mean pressure of 82 
mm. Hg. 

Comment: The rise in oxygen content of blood from superior vena 
cava to right auricle indicates the presence of an auricular septal defect 
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through which left to right admixture is occurring. However, the 
overall shunt of 3550 cc./min./M 2 is directed from right to left as 
shown by the fact that the systemic flow exceeds the pulmonary 
artery flow. Further manifestations of this right to left shunting are 
found in the reduced peripheral arterial saturation, and in the fact 
that the effective pulmonary flow is lower than the pulmonary artery 
flow (Fig. 5). 



Fig. S. SHO^vING the Findings in Case 5 (L. G.) 

The oxygen content of the right auricular blood is significantly higher than 
that of the superior vena cava blood. This indicates the presence of an auricular 
septal defect. The systemic flow exceeds the pulmonary artery flow, giving the 
intracardiac shunt an overall direction of right to left. Since the effective flow is 
lower than the pulmonary artery flow, there is reciprocal admixture from left 
to right. 


DISCUSSION 

A review of the histories of the five patients presented in this report 
reveals that all had cardiac disease since childhood. Their commonest 
presenting complaints were exertional dyspnea and intolerance to 
exercise. 

Physical examination showed certain pertinent facts. Two of the 
patients exhibited cyanosis and digital clubbing. In only one instance 
(Case 3, V. E.) was the heart enlarged to percussion. AH five patients 
had systolic murmurs of varj’^ing degrees, intensities, distribution, 
and transmission. Two patients (Case 1, A. G. A.; Case 2, A. J.W.) 
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had diastolic murmurs at the second and third interspace at the left 
sternal border. On fluoroscopy, only one patient (Case 3, V. E.) 
had cardiac enlargement, but a prominent pulmonary conus was 
revealed in three patients (Case 1, A. G. A.; Case 2, A. J. W.; Case 4, 
G. D.), The ECG was normal in the first patient, showed right axis 
deviation in the patients with auricular septal defects (Case 4, G. D.; 
Case 5, L. G.) and left axis deviation in those with ventricular septal 
defects (Case 2, A. J. W.; Case 3, V. E.). Laboratory data revealed 
normal hematocrits, hemoglobins, and red counts in all but one patient 
(Case 5, L. G.) who had a marked polycythemia. 

As part of the physiological studies conducted in this group, three 
of the patients performed the standard exercise test. In all there 
was a rise in the oxygen consumed per liter of ventilation (Table II). 
This finding is in contrast with the results obtained in the study of 
patients with tetralogy of Fallot (1). In these latter there was gener- 
ally a fall in the ratio of oxygen consumed per liter of ventilation 
during exercise. Conversely, in the present group under study, as 
in normal individuals and in patients with the Eisenmenger complex 
(2) the rise in oxygen consumed per liter of ventilation during exercise 
demonstrates that the effective pulmonic blood flow can increase 
significantly with exercise. 

The other physiological studies showed changes paralleling the 
variations in clinical findings. A comparison of the blood flows 
revealed that three patients (Case 1, A. G. A.; Case 2, A. J. W.; Case 3, 
V. E.) had shunts which were predominantly from left to right. Two 
patients showed overall right to left shunts (Case 4, G. D.; Case 5, 
L. G.). In these two latter patients cyanosis was marked and the 
saturation of the peripheral arterial blood was low (Table I). 

Pulmonary factors concerned with oxygen transfer in the lung are 
apparently not involved in this decrease in the saturation of peripheral 
arterial blood. In 16 cases in which it was possible to catheterize the 
pulmonary vein, the blood returning to the heart from the lungs was 
fully saturated. Therefore, arterial unsaturation is probably due to 
the reduction in the percentage of mixed venous blood perfusing the 
lung, which results from intracardiac shunting from right to left (12). 

The intracardiac shunting of blood is expected to be predominantly 
directed to the right in the presence of a normal total cross sectional 
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area of the pulmonary arterial bed and in the absence of pulmonic 
stenosis. The finding in two of these cases that the shunt is pre- 
dominantly directed to the left, implies an increase in the resistance 
of the pulmonary vascular tree. In this respect these cases show a 
disturbance of their pulmonary hemodynamics comparable to that 
seen in Eisenmenger’s complex (2). 

Two other observations support the finding of increased pulmonary 
resistance. First, the blood pressure in the pulmonary artery is 
increased in both systolic and diastolic components (Table ITT ). 
Second, calculation of the loss of pressure head in the pulmonary 

TABLE m 


Intracardiac and Peripheral Blood Pressures. Resistances in Pulmonary and 
Peripheral Circulation 
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2.6 
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30 


73 

77 

4.8 

B 


0 


70 

82 

1.2 
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circuit reveals that the greatest elevation of resistance occurs in 
patients with right to left shunts (Table In one of these cases 

(5, L. G.) the resistance approaches the magnitude of that seen in 
Eisenmenger’s complex. 

The increase in resistance is further reflected in the work of the 
right ventricle. The subject of the work of the heart and the as- 
sumptions necessary for its computation have been discussed in a 
pre\aous paper of this series (2). Table IV demonstrates that the 
relative work of the two ventricles changes as the pulmonary re- 
sistance increases. The significant fact which appears from these 

* Normal resistance = 480 dynes/cm.®/sec. Calculated according to Aperia’s 
formula (9) using a normal mean pulmonary arterial pressure of 18 mm. Hg (13) 
and normal cardiac index. 
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calculations concerns the ratio of the velocity energy of the ventricle 
to its total work.® In normal individuals the ratio, velocity energy/ 
total work, for the right ventricle is five times as great as this ratio 
for the left. Table IV shows that only in Case 1 (A. G. A.) is the 
ratio within normal range. In Case 2 (A. J. W.) and Case 4 (G. D.) 
the ratio is 3/1 and 1/1 respectively. It would seem, therefore, that an 
increasing amount of the energy of the right ventricle is dissipated in 
overcoming the increased resistance in the pulmonary vascular tree. 

Thus, evidence of increased resistance in the pulmonary vascular 
circuit is furnished by four findings: (1) intracardiac shunting of blood 
from right to left; (2) the presence of pulmonary arterial hypertension; 
(3) the marked loss of pressure head in the pulmonary circulation which 
becomes apparent when resistance is calculated; and (4) the changes in 
the ratio, velocity energy /total work, of the two ventricles. 

The causes of increased pulmonary resistance in cases of septal 
defect have been discussed by a series of investigators. First, the 
underlying mechanism for predominant left to right shunting has 
been elucidated. Uhley proposed in 1942 that gravity alone was the 
cause for the direction of this shunt. This investigator doubted 
explanations which were based upon differences in auricular pressures 
(15). However, recent work by Brannon, Weens, and Warren 1.10), 
and by Cournand and his group (16) has demonstrated by direct 
measurements that the left auricular pressure exceeded the right 
in cases in which both auricles were catheterized. These studies 
indicate that flow through the septal defect is ordinarily from left^to 
right because of this pressure gradient. 

* The formulae used in these calculations are after Starling (14) : 

(1) Pressure Energy (gram-cm.) = MP X SD X D Hg. 

a. MP => Mean pressure in pulmonary artery or aorta. 

b. SD = Systolic discharge (cc./minute) = Min. vol. (cc. min.)/ 

Pulse rate. 

c. D Hg. = Specific gravity mercury/10. 

(2) Velocity Energy (Gram-cm.) = Va X SD/2g. 

a. g = gravity constant (980) 

b. Va = Velocity of blood in pulmonary artery or aorta (cm./sec.) 

i. Va = SD/ Ca X ET 

A. Ca = Cross section (cm.®) pulmonary artery or aorta 

B. ET = Systolic ejection period (sec) = ’ 
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A second approach to the problem of increased pulmonary re- 
sistance has dealt with the effects of increased blood flow. Levy and 
Blalock (17) in experimental observations on dogs with artificial 
patent ducti arteriosi, and Vandam, Bing, and Gray (3) studying 
patients with patent ducti arteriosi reach similar conclusions. Their 
findings suggest that the pulmonary vascular bed can normally ac- 
commodate a large rise in volume flow with no rise in the pressure 
of the peripheral pulmonary vessels. It is apparent, therefore, that 
normally pulmonary resistance is low. 

In the light of these observations, the assumption may be ventured 
that the increase in pulmonary resistance results from changes in the 
pulmonary vascular tree. Posselt, in 1909, examined the pulmonary 
vessels in cases of septal defects and noted sclerotic changes in the 
large arteries (18). Brenner also noted sclerotic changes in the larger 
pulmonary arteries in routine autopsies. He did not believe that these 
were sufficient to increase pulmonary resistance (19). More recently, 
changes affecting the smaller radicles of the pulmonary vascular tree 
have been described. Taussig, Harvey, and Follis (20), Burrett and 
White (21), Johannsen and Connor (22), and Bedford, Parkinson, and 
Papp (23) have reported these changes in cases of septal defects which 
have been examined postmortem. However, no attempt has been 
made to correlate this finding with pulmonary hypertension. One 
might conjecture that widespread sclerotic changes affecting the 
smaller vessels, possibly in combination with thrombi, could raise 
pulmonary resistance. It is impossible to state at this time whether 
or not such changes are a result of increased pulmonary artery flow 
or develop as a result of other factors. 

On the other hand, the rise in pulmonary resistance may result from 
increased left auricular pressure rather than from changes in the pulmo- 
nary vascular tree. The proof of this must await a method for simul- 
taneous measurement of the pressure in both auricles and in thepulmo- 
monary artery. It is doubtful that this mechanism is at work in the 
cases of this series, since pulmonary congestion which would be ex- 
pected to accompany such a condition is absent. 

In addition to these mechanisms, functional factors have been 
considered in elevating pulmonary resistance (24, 25). Further in- 
vestigation is necessary to elucidate this problem. 
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SUMMARY 

Five cases of septal defects have been presented. 

In the three cases in which the standard exercise test was performed 
the consiunption of oxygen per liter of ventilation rose. 

In three patients the overall direction of the intracardiac shunt was 
from left to right, and in two the shunt was from right to left. The 
degree of clinical disability paralleled an increase in pulmonary re- 
sistance. Increased resistance in the pulmonary bed was evidence by 
(a) right to left shunt; (b) elevation of systolic and diastolic pressures 
in the pulmonary artery; (c) marked loss of pressure head in the pulmo- 
nary vascular tree; and (d) changes in the ratio, velocity energy/total 
work, of the two ventricles. Possible mechanisms for the rise in 
pulmonary resistance were discussed. 
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PROCEEDINGS OF THE MEETING OF THE JOHNS HOPKINS 

MEDICAL SOCIETY 

Held in Htjrd Hall, March 8, 1948 

The Experimental Pharmacology and EJfecliveitess of 3-4, Dimethyl-S-sulfanilamido- 
isoxaeolc.* Drs. Morton S. Bryer, Emanxtel B. Schoenbach, C. Earl Orr 
and Perrin H. Long (Deparlmcnt of Preventive Medicine, The Johns Hopkins 
University School of Medicine). 

3-4, Dimethyl-S-sulfanilamido-isoxazoIe is a sulfonamide derivative first de- 
scribed by Schnitzer et al (1). Reports of its use in urinary tract infections have 
appeared (2, 3). This short report deals with the experimental pharmacology and 
effectiveness of this sulfonamide derivative. 

The L. D. 50 of tliis sulfonamide derivative for Swiss white mice is approxi- 
mately 3.5 grams per kilogram when given as the sodium salt by the subcutaneous 
route. WTien a single dose of 1.25 grams per kilogram suspended in accacia is 
administered per os to mice, the average total concentration of the drug in the blood 
of these animals is 8 mgms. % at 1 hour, 3 mgms. % at 2 hours and 2 mgms. % at 
4 hours. In man, following an initial dose of 3.0 grams and then 1.0 gram of the 
drug q. 4 hours for 48 hours, average concentrations of the drug in the blood were 
as follows: in 4 hours 4.8 mgms. %; in 8 hours 4.2 mgms. %; in 24 hours 3.7 mgms. 
%\ in 32 hours 3.6 mgms. %; and in 48 hours 4.1 mgms. % respectively. In three 
test subjects, each of whom received an initial dose of 3.0 grams of this compound 
and then maintenance doses of 1.0 gram every 4 hours for 48 hours, 46, 51, and 55 
per cent of the drug was excreted in a period of 96 hours after the first dose. In 
man little of the drug was found to be acetylated either in the blood or urine during 
the 96 hour test period. In both mice and men the amount of the drug entering 
the red blood cells was approximately 7 per cent of the total drug found in the 
blood at any given time. 

A comparison was made of the effectiveness of 3-4,Dimethyl-5-sulfanilamido- 
isoxazole with that of sulfadiazine in controlling experimental infections produced 
in mice by Strep, hemolyticus, D. pneumoniae (Tjpe I) Kl. pneumoniae (Type A) 
and H. influenzae (Tiiie b). In mice fed with this compound or sulfadiazine for 
a total of 7 da>'s in amounts adequate to produce similar concentrations of these 
drugs in the blood of the animals, and infected with similar doses of Strep, he- 
molyticus (C-203) by the intraperitoneal route after 48 hours of the drug feeding, 
the protective action of this drug was comparable to that of sulfadiazine, if not 
somewhat better. The same was true when D. pneumoniae (S\T) was the in- 
fecting organism. \Micn KJ. pneumoniae (Tj-pe .\) was employed to produce the 

* These investigations were supported by grants from Abbott Laboratories, 
Eli Lilly and Company, Lederle Laboratories, Inc., Parke, Da\-is and Company, 
and the Upjohn Company. 


633 



634 


THE JOHNS HOPKINS MEDICAL SOCIETY 


infections, sulfadiazine was more effective. In infections produced in mice by the 
inoculation of H. influenzae (Type B) neither drug was effective in the doses em- 
ployed. 


CONCLUSIONS 

1. The experimental acute toxicity of 3-4,Dimethyl-5-sulfamilamido-isoxazole 
is low. 

2. The drug appears to be only partially absorbed from the gastro-intestinal 
tract. 

3. The rate of acetylation of this compound in the tissues and body fluids seem 
to be low. 

4. In the blood, very little of the drug enters the blood cells as approximately 
93% of the compound is found in the plasma. 

5. This sulfonamide derivative seems to be comparable to sulfadiazine in its 
ability to protect mice against Beta hemolytic streptococcal and pneumonococcal 
infections. It is not as effective as sulfadiazine in experimental infections in mice 
produced by Kl. pneumoniae. In the experiments reported in this abstract neither 
compound was protective against experimental infections produced by H. influ- 
enzae Type B. 

6. Clinical triak with 3-4,Dimethyl-5-sulfanilamido-isoxazole would appear 
justifiable. 
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Dr. E. K. Marshall, Jr.: When Dr. Schnitzer’s paper came out a year or so ago 
this drug interested me very much. I think one of the most interesting things 
about it (Dr. Long didn’t mention it) is the fact that it and its acetyl derivatives 
are about as soluble as sulfanilamide. It was predicted that this compound would 
not cause renal concretions. We have made a few studies on it. It is distributed 
in the dog and in the human being only in extracellular water. In the dog its ap- 
parent volume of distribution is about 25 to 30 per cent of the body weight, and 
in man about 20 to 25 per cent, which corresponds roughly to the extracellular 
water. The importance of this observation is that with a drug present only in 
extracellular water one would not expect it to exhibit certain toxic properties 
which would be exhibited by a drug in intracellular fluids. Sulfanilamide and 
sulfapyridine, the first sulfonamides to be used clinically, are distributed in 80 to 
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85 per cent of the body weight and have certain toxic characteristics which are not 
shared by sulfadiazine, which is distributed in 45 to 55 per cent of body weight. 
I would predict that this new drug will show far less toxicity than the other sulfon- 
amides. Another advantage of this drug being distributed only in extracellular 
water is that with the same dose of this drug one would obtain three times as high 
a plasma level as you would with sulfanilamide or sulfapyridine. 

Dr. Arnold R. Rick: I would like to ask Dr. Marshall, when he says toxicity 
does he mean hypersensitivity also? Because there, of course, the drug combines 
with the plasma protein in most instances. 

Dr. Marshall: No, I don’t think it would have any effect on that. 

In Vitro Studies of Polymyxin.* Drs. Eleanor A. Bliss, Caroline A. Chandler 

and Emanuel B. Schoenbach {Department of Preventive Medicine, The Johns 

Hopkins University School of Medicine). 

Polymyxin is a new antibiotic agent the activity of which is restricted to gram- 
negative bacteria. Benedict and Langlykee (1) were the first to report that ex- 
tracts of B. polymyxa inhibted bacterial growth. Quite independently Stansly 
and his associates (2, 3, 4) described the active principle and named it “polymyxin”. 
Meanwhile Brownlee et al (5, 6) reported on “aerosporin” which appears to be 
similar but not identical with polymyxin. 

The observations of other investigators regarding certain of the physicochemical 
properties, as well as the antibacterial action of polymyxin have been confirmed. 
The agent, in vitro, is most effective in an acid environment. It is quite stable to 
heat and loses but little activity in the presence of serum. The combination of 
heat and serum, however, is deleterious. Most strains of E. coli, Aerobacter and 
Friedlander’s bacillus are susceptible to 0.3 microgram of polymyxin per cc., when 
an inoculum of about 200,000 bacilli is used. H. influenzae is equally susceptible. 
Pseudomonas aeruginosa required 2.5 /ig./cc., while strains of Proteus and meningo- 
cocci appear to be resistant in vitro. Attempts to produce resistance in sensitive 
strains have been unsuccessful. End points in titrations are clear cut and further 
incubation does not cause them to shift. This observation and studies of growth 
curves show that the drug is bactericidal in concentrations above 0.2 Mg-/cc. How- 
ever, the addition of polymyxin at intervals after growth has started fails to result 
in sterilization of the cultures. This may be due to the fact that the size of the 
inoculum is extremely important. Large inocula of E. coli grow out in relatively 
high concentrations of the agent. Such cultures, freed of bacteria, are found to 
have lost much of their polymyxin activity, either because of destruction or ad- 
sorption of the agent. Aquaeous emulsions of soy bean lecithin also interfere with 
the action of polymyxin. 


* These investigations were supported by grants from Abbott Laboratories, Eli 
Lilly and Company, Lederle Laboratories, Inc., Parke, Davis and Company, and 
the Upjohn Company. 



636 


THE JOHNS HOPKINS MEDICAL SOCIETY 


BIBLIOGRAPHY 

(1) Benedict, R. G., and Langlykee, A. F.: Abstract, J. Bact., 54, 24, 1947. 

(2) Stansly, P. G., Shepherd, R. D., and White, H. J.: Bull. Johns Hopkins 

Hosp., 81, 43-54, 1947. 

(3) Stansly and Schlosser, M. E.: J. Bact., 54, 549-556, 1947. 

(4) Stansly and Schlosser: Ibid, 585-597. 

(5) Ainsworth, G. C., Brown, Annie M., and Brownlee, G,: Nature, 160, 263- 

4, 1974. 

(6) Brownlee and Bushby, S. R. M.: Lancet, 1, 127-132, 1948. 

The Experimental Toxicology, Pharmacology, and Efectiveness of Polymyxin* Drs. 
Morton S. Bryer, Emanuel B. Schoenbach, Eleanor A. Bliss and C. Earl 
Ott {Department of Preeentine Medicine, The Johns Hopkins University School 
of Medicine). 

The acute toxicity of “polymyxin” was determined in mice by single subcutane- 
ous injection and the L.D. 50 was 250-300 mg/kilo. Dogs survived single, rapid 
intravenous injections of 10 and 15 mg/kilo, while 25 mg/kilo resulted in con- 
vulsions, apnea, and death. Continuous intravenous administration at the rate 
of 0.25 mg/kilo per minute resulted in paralysis, apnea, and death when 35 mg/ 
kilo had been given. Dogs tolerated 5 and 10 mg/kilo intramuscularly twice daily 
for 7 days. Intrathecal injection of 1 and 5 mg. was associated with no untoward 
reaction while 10 mg. produced transient paresis. 

Ninety minutes after single intramuscular doses of 5 and 10 mg/kilo in dogs’ 
serum levels of 2.5 and 5.0 gamma/cc. were obtained. Three and a half hours 
after these injections serum contained 2.5 and 1.25 gamma/cc. respectively. 
Levels obtained were approximately four times higher when dogs had been main- 
tained on these doses twice daily for 7 days. Despite persistent high serum levels 
no polymyxin was detected in the spinal fluid. Intrathecal administration of 1, 5, 
and 10 mgs. resulted in spinal fluid levels of 10-500 gamma/cc. which fell to 0.3-20 
gamma/cc. in 2 to 4 hours. Serum levels of 0.6-1.25 gamma/cc. were obtained 
following intrathecal doses of 5 and 10 mgs. 

Single subcutaneous injection of 1 mg/kilo protected the majority of mice in- 
fected intraperitoneally with 1000 L.D.’s of Kl. pneumoniae A or H. influenzae 
B. A single initial dose was more effective than the same amount of “pol 3 Tnyxin” 
given in divided doses. Delay in treatment resulted in a reduction in the number 
of survivors. Polymyxin was more than five times as effective as streptomycin 
by weight. 

* These investigations were supported by grants from Abbott Laboratories, Eli 
Lilly and Company, Lederle Laboratories, Inc., Parke, Davis and Company, and 
the Upjohn Company. 



PROCEEDINGS OP THE MEETINGS 


637 


The Clinical Use of Polymyxin* Drs. Emanuel B. Schoenbach, Morton S. 

Bryer, Eleanor A. Bliss arid Perrin H. Long {Department of Preventive 

Medicine, The Johns Hopkins University School of Medicine). 

The clinical trial of “polymyxin” for the treatment of patients ill with infections 
caused by gram-negative bacteriae appeared desirable in light of the wide differ- 
ential between toxicity and therapeutic activity observed in experimental animals. 
The inability to demonstrate the development of resistance to this antibiotic was 
a distinct advantage when compared to previous experience with streptomycin. 

The dosage employed in these early cases varied from 3.0 to 5.0 milligrams per 
kilogram of body weight daily. The total daily amount was divided into eight 
equal parts and administered intramuscularly every 3 hours. The drug was dis- 
solved in a phosphate buffer pH 7.6 and 40-50 milligrams in one cubic centimeter 
caused no local irritation or discomfort. Blood, urine and spinal fluid samples 
were obtained at various intervals for bioassay of polymyxin levels. Blood levels 
varied from 1 .3 to 20 gamma per cubic milliliter on this dosage regime. The higher 
levels were usually not attained until the seventh to tenth day of treatment. None 
of the pol 3 miyxin was detected in the spinal fluid following intramuscular injection, 
but on one occasion a level of 5 gamma per cubic milliliter was noted 12 hours after 
the intrathecal administration of 2.0 milligrams of drug. Urinary excretion of 
pol 3 miyxin was low in the first 12 hour period but increased exponentially 
as therapy was continued, so that approximately 60 per cent of the total drug was 
detected 96 hours after administration had been begun. The concentration of 
polymyxin in the urine varied from 0.25 gamma to 160.0 gamma per cubic milli- 
liter. Levels above 1.0 gamma were not attained until approximately 24 hours 
after therapy had been instituted. 

Eive patients ill with infections due to Ps. aeruginosa, Br. abortus and Kl. pneu- 
moniae have been treated for periods of eleven to twenty-nine days. The drug 
was well tolerated. Among these severely ill patients, two showed transitory al- 
buminuria and one a diffuse macular eruption. These were not attributed to 
polymyxin. On two occasions a transitory vasomotor reaction 10-20 minutes 
after an injection was noted. One patient developed febrile response on the 17th 
day of treatment. His temperature fell to normal when treatment was discon- 
tinued. The clinical course of these patients treated with polymyxin indicate that 
the antibiotic was beneficial. The results confirm previous observations on the 
chemotherapy of experimental infections in mice. 

Dr. Harold J. White: I would like to say that the results obtained in our labo- 
ratory are in complete agreement with the findings that Dr. Bliss and Dr. Bryer 
have reported here tonight. We are convinced that: (1) polymyxin is practically 

* These investigations were supported by grants from Abbott Laboratories, Eli 
Lilly and Company, Lederle Laboratories, Inc., Parke, Davis and Company, and 
the Upjohn Company. 
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specific for gram-negative bacteria; (2) it is bactericidal, and rapidly so; (3) in 
experimental infections, the total daily dose is more effective when given all at once 
than when divided into frequent doses; (4) with polymyxin, one would not expect 
to encounter bacterial resistance as a serious problem. There seems to be no dis- 
crepancy between our results and those just reported. 

Dr. Rich: I would like to ask Dr. Schoenbach if bacillus pertussis was recovered 
from either of those cases which he mentioned. 

Dr. Horace L. Hodes: Pertussis organisms were not recovered from either of 
the patients described by Doctor Schoenbach. We not infrequently fail to recover 
pertussis bacilli from young infants with typical whooping cough. I do not believe 
that there is any doubt about the diagnosis. We cannot be sure that the poly- 
myxin was of any benefit. Our impression is that the course of the disease in 
the younger infant was greatly shortened. About the older child, we can draw no 
conclusion whatever. We have found in the laboratory that between 0.5 and 2.0 
micrograms of polymyxin per cc. of media inhibits the growth of Hemophilus per- 
tussis. Preliminary experiments indicate that polymyxin has a definite protective 
action against this organism in mice. Regarding the child with the pseudomonas 
aeruginosa (pyocyaneus) infection, I do not believe that there is any doubt but that 
polymyxin was of great benefit. I am quite convinced that the child would not 
have survived unless he had been treated with this drug. 

Dr. Marshall; I would like to ask if any changes were found in the urine except 
in one case, the first one. I realize that we are working with a very impure mix- 
ture. Until this substance is obtained pure we must always be suspicious as to 
whether the pure antibiotic causes the reaction or whether it is due to the impurities 
present. Were there any changes in the dogs’ urine, Dr. Bryer? 

Dr. Morton S. Bryer: I didn’t examine the urine. 

Dr. Hodes: In the case of that first child, there were changes in his urine when 
he came into the hospital. 

Dr. Emanuel B. Schoenbach: AU these patients have been acutely and seriously 
ill. This child had 3-plus albuminuria, 104° fever and pyuria, which disappeared 
while on therapy. It is a question whether polymyxin caused the albuminuria or 
whether it was just due to the febrile response. 

Dr. Perrin H. Long: Dr. Schoenbach said that the dosage of polymyxin was 
arbitrary. It was and was put upon Dr. Schoenbach and Dr. Bryer by myself 
because, in introducing a new antibiotic, I wanted to err as much as possible on the 
side of safety to the patient. In the experimental animals, it is interesting that 
this antibiotic has shown greater acute toxicity than any other antibiotic with 
which we have worked. Small and divided doses are safer to use in the early part 
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of such studies until we know more about its toxicity in human beings. As a result 
of our experience to date, I think that in the near future we will give the antibiotic 
less frequently, and will give half the daily total as the initial dose, and then a 
quarter of the total daily dose 8 and 16 hours later, and then a third of the daily 
dose at 8 hourly intervals on subsequent days. We will see whether this dosage 
schedule is more effective in bringing the disease under control early in the course 
of treatment. It is difficult, when you are fishing around in the dark, to hit upon 
exactly the right dosage schedule, and, as I said, you always want to err on the 
side of safety in working with any new antibiotic. 

Dr. Rich: Were there any pathological studies made with animals? 

Dr. Long: No, no pathological studies were made on the animals that died of 
acute toxicity. There was no real evidence of chronic toxicity as far as we went. 
There were no pathological studies made on the mice which died, or on the dogs. 
We would like to have some one make the studies, especially on those animals that 
died acutely in convulsions. We would like to know what the drug does to the 
central nervous system. The organs are preserved in formalin. 

Dr. A. Murray Fisher: I was interested in Dr. Bliss’ report of the apparent de- 
velopment of resistance of the organisms during their growth with low concen- 
trations of polymyxin. I wonder if she tried spinning the cultures down to separate 
them from the media, regrowing them, and retesting them with polymyxin. 

Dr. Eleanor A. Bliss: 'What we did was to take the bacteria which had grown 
in the presence of polymyxin, large inocula of E. coli for instance, which had grown 
out, and used that, diluting it down to usual size, 200,000 per cc. We found it was 
not resistant. 'When we centrifuged, we were trying to see whether the polymyxin 
that was left in the tube was as strong as what was there in the beginning. The 
cultures have all been grown between testing for resistance and at the time they 
were in the tube. 

Dr. Fisher: I mean, when you spun the cultures down, did you separate the 
bacteria from the media and test them for resistance? 

Dr. Bliss: No, we did not spin the cultures down and test them for resistance. 
We used them as broth cultures and just diluted them. 

Dr. Long: Another thing which Dr. Schoenbach or Dr. Bryer may have spoken 
about tonight was rather puzzling. As you noted on one of those charts, meningo- 
cocci on plate cultures were quite resistant to polymyxin, even to 20 to 30 micro- 
grams of the antibiotic per cubic centimeter. However, when the antibiotic was 
injected in mice infected by using mucin and meningococci we found that poly- 
myxin in a single dose cured 100 per cent of the mice. Now, there is a difference 
between in vitro and in vivo findings. We are still working to try to explain the 
difference in reaction. 
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Emolional Malurily. By Leon J. Saxii. 338 pp. $5.00. J. B. Lippincott Com- 
pany, Philadelphia, Pennsylvania, 1947. 

In this book by Dr. Saul, Associate Professor of Psychiatry at the Temple Uni- 
versity School of Medicine, the focus of interest throughout is clinical and therapeu- 
tic. As indicated by the title, Dr. Saul employs a framework of reference which 
includes attention not only to dynamic pathological patterns but also to the biologi- 
cal process of emotional growth and to faults in this process as a source of adult 
maladjustment. 

The material of the book is presented in four parts. To the present reviewer, the 
discussion in Part I, the Achievement of Maturity, and Part II, Emotional Forces 
in the Development of the Personality, seemed most valuable, and alone would have 
justified the publication of this book. Here the author formulates his concept of 
emotional maturity and of the maturation process. Some of the central features 
which he depicts are the shifts which the individual is required to make in his func- 
tioning in relationships with others in the course of his maturation: the shift from 
the childhood pattern of dependence, freedom from responsibilities and being pro- 
tected to the adult capacity for carrying responsibility, being depended on and 
providing protection; the shift from primarily getting in relationships with others to 
enjoying giving; and the shift from egotism, competitiveness and inferiority feelings 
to a kindly and cooperative adjustment to others, with enjoyment of one’s own 
productive activity. The persistence of certain childhood patterns into chrono- 
logical adulthood is described as leaving the individual with vulnerable emotional 
points — the “emotional Achilles heel.” The presence of these vulnerable emo- 
tional points makes the individual sensitive to specific situational stresses while 
leaving him resistant to other severe stresses which would be disturbing to another 
individual with another set of vulnerable points. The author makes the point that 
reservoirs of childhood needs remain even in adults who have attained a high degree 
of emotional maturity and that these needs are filled in play and recreational 
outlets. 

Part III, The Nature of Neurosis, is almost a book within a book. It is based 
on the author’s war-time clinical experience with navy psychiatric casualties and is 
rich in clinical material. This case material is aptly selected and is presented with 
clarity and enviable brevity. It serves as a basis for illustrating the concept of 
specific emotional vulnerability and for a consideration of the meaning of various 
emotional responses such as fear, hostility, flight, fight, etc. To Dr. Saul the term 
neurosis implies “a failure of adaptation and a disturbance of the patient’s emo- 
tional development.” The nature of neurosis is "reaction to stress upon vulnerable 
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points and fight-flight reactions along the lines of childhood patterns.” With re- 
gard to therapy the author states that, in contrast to the results produced by rest 
and temporary relief from duty, “circumscribed but carefully focused psychother- 
apy, aimed at the specific source of the patient’s reactions, produced marked results 
after only one or two interviews.” 

Part IV, The Dynamics of Personality, reads rather like lectures to medical 
students. It is a brief section and neither adds nor detracts from the book as a 
whole. 

There is a reference list of 112 titles, and an index. 

B. B. 

Gynecological and Obstetrical Urology. 2nd Edition. By Houston S. Everett. 
Ulus. 539 pp. S6.00. The Williams & Wilkins Company, Baltimore, Mary- 
land, 1947. 

Dr. Everett has made a number of timely changes and additions in the second 
addition of his textbook. A section on indirect, or “water”, cystoscopy has been 
added since most urologists employ this method rather than the direct, or Kelly 
method. Indications for use of the two methods are given, and the common indi- 
rect cystoscopic instruments are illustrated and described. Other additions to the 
text include a discussion of the use of penicillin in urinary tract infections and a 
description of the Aldridge operation for urinary incontinence, with illustrations 
demonstrating the operative technique. The chapter on “Neoplastic Disease of 
the Bladder” has been completely rewritten, stress being laid on the importance of 
infiltration rather than the gross or microscopic appearance of the tumor alone. 
Dr. Everett emphasizes that all these factors, together with the characteristics of 
the tumor on pelvic examination, must be considered before the type of treatment 
is determined in any particular case. This textbook has always been a very com- 
plete one, and the present edition brings it up to date. The style is clear and the 
viewpoint sound. Dr. Everett is to be congratulated on producing an excellent 
book. In the writer’s opinion, it is the best and most up to date work of its kind 
in the literature of today. 

C. B. B. 

Jaundice, Its Pathogenesis and Dijfferential Diagnosis. By Eli Rodin Movitt. 
Ulus. 261 pp. $6.50. Oxford University Press, New York, New York, 1947. 

The difficulties which the clinician meets in the differential diagnosis of jaundice 
are reflected in the frequency with which the subject is reviewed in the medical lit- 
erature. Movitt has attempted “to aid the practicing physician” in this task. He 
reviews in orderly fashion the anatomy and physiology of the liver, the pathogenesis 
of jaundice, diagnostic procedures, and the differential diagnosis of the individual 
syndromes associated with jaundice. Interspersed throughout the text are tables 
summarizing the points which Movitt believes require emphasis. 

The arrangement of subjects is clear and logical. Certain features, however, 
tend to limit the utility of this book. The textual material is presented didacti- 
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cally and usually without reference to those authors upon whose shoulders Movitt 
seems to have leaned heavily. The bibliography at the end of each chapter is 
not helpful, since it is not possible to tell to which subject any given article refers. 

There are a number of textual and bibliographic inaccuracies as well. For ex- 
ample, prothrombin is usually believed to be associated with the globulin rather than 
the albumin fraction of human plasma. The reviewer, too, might take issue with 
some of the author’s concepts, but, in a controversial field, differences of opinion 
are surely healthy. Thus, one might question the separation of acute infectious 
hepatitis and catarrhal jaundice. Again, in our hands, the determination of serum 
alkaline phosphatase has been one of the most satisfying of differential diagnostic 
procedures. The format and printing of this volume are pleasing and attractive. 
None of the deficiencies of the book are beyond repair in a future edition. 


0. D. R. 
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